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Steers from research breeding projects (n=404) were serially scanned using Real-
Time Ultrasound (RTU) at 30-day intervals from re-implant time until slaughter. Cattle were 
evaluated for rump fat depth, longissimus muscle area (REA), 12th rib fat thickness (FAT), 
and percent intramuscular fat (PFAT) to determine the predictability of carcass composition 
at extended periods before slaughter. Additional background information on the cattle, such 
as weight, gain, breed of sire, implant and frame score was also utilized. Carcass data was 
collected by trained personnel at "chain speed," and samples of the l21h rib longissimus 
muscle were taken for ether extract analysis to determine PFAT estimates. Simple 
correlation coefficients showed moderately high positive relationship between RTU 
measures taken less than 7 days before slaughter and carcass measures: REA (r = .66); FAT 
(r = .74); and PFAT (r = .61). Correlation coefficients for RTU measures taken 96-105 days 
before harvest and carcass values were: REA (r = .52); FAT (r = .58); and PFAT (r = .63). 
Regression equations were then developed for the carcass measurements; 46% of the 
variation could be explained for REA, 44% of rib fat and 46% of marbling at re-implant time. 
Age of the animal (p < .01) and frame score (p < .0001) were significant predictors of carcass 
ribeye area. Rump fat (p< .0001) and PFAT (p< .01) were important predictors of carcass 
12th rib fat. Average daily gain was also important in the prediction of carcass marbling 
score (p< .01). Additional regressions at 61-69 days and 27-41 days before slaughter showed 
similar results, with R-squared values logically explaining more of the variation closer to the 
harvest date. Live ultrasound measure is a viable option for assessing carcass composition at 




The beef cattle industry has been moving towards value-based marketing systems that 
merit carcasses for meeting specific qualifications. Feeders have since been searching for 
ways to target loads of cattle to particular pricing schemes. Houghton and Turlington (1990, 
1992) attest that the primary interest of feedlot managers is to be able to identify cattle that 
will consistently produce carcasses of similar weight with acceptable yield and quality 
grades. Brethour (2000b) adds that clustering cattle of similar carcass characteristics may 
help producers find more effective management and marketing strategies. In order to get the 
maximum return per head, feeders need to know what they have to sell and which grid each 
animal is most suited for during a given feeding period. Targeting the correct marketing 
strategy for each animal, or each pen of animals, will help prevent wasteful feed costs from 
feeding animals too long, or dollars lost on potential quality grade for animals marketed too 
early. 
Ultrasound technology provides an additional sorting tool for producers looking to fit 
specific markets with their cattle. Block et al. (2001) indicates that management practices 
can fit cattle to desired markets with the use of breed backgrounds and ages. Producers have 
been sorting cattle for decades based on visual appraisal of fat cover and weight (i.e. 
potential Yield Grade). However, the naked eye cannot see marbling to accurately predict 
Quality Grade. Ultrasound estimates of marbling taken on calves were more helpful in 
predicting USDA quality grade at slaughter (Brethour, 1992, 1998). It is obvious that real-
time ultrasound predictions of carcass characteristics are more accurate the closer an animal 
gets to its slaughter date. Unfortunately, data collected just prior to slaughter is often too late 
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to aid profitability of animals that were fed past their optimum endpoint. For the purpose of 
convenience, it is most logical to scan cattle at the time they are scheduled to go through the 
chute for re-implanting. Therefore, the objectives of this study are to project USDA quality 
and yield grades of feedlot cattle and assess the accuracy of prediction given known factors 
of each individual. This information may not only be used to decide when a particular pen of 
cattle is marketed, but also to sort cattle in the feeding phase into clusters of compositionally 
similar animals. 
Thesis Organization 
This thesis consists of an abstract, a general introduction, and a literature review, 
followed by an individual paper, a summary, and literature cited throughout the thesis. The 
paper also has references to literature listed within it, followed by tables, and then ending 
with figures. The paper is written for submission to the Journal of Animal Science, and 




Predictors of USDA Yield Grade Using Ultrasound 
The most influential measurement, mathematically, in the USDA Yield Grade 
equation is 12th_13th rib fat thickness. Crouse et al. (1975) reported that fat was the most 
useful predictor of cutability over many breed groups in his evaluation of the USDA Yield 
Grade system. Berg and Butterfield (1976) termed fat as the most variable carcass tissue. 
For many years, and even today, cattle were sorted live by visual appraisal for "market 
readiness." May et al. (2000) used trained personnel to estimate USDA Yield Grade using 
only visual appraisal and recorded a correlation of .66 when compared with the USDA grader 
at the packing facility. Intrinsic factors such as hide pull may cause adjustments to be 
necessary. The correlation between cutability and actual fat thickness was -.79, but when 
cutability was compared to adjusted fat thickness, the correlation rose to -.82 (Abraham et al., 
1980). Real-time ultrasound becomes less accurate when these factors are not considered as 
sources of variation. 
It was Brethour's (1992) opinion that an ultrasound measure was at least equal to and 
if not more accurate than a carcass measure and should be accepted for genetic evaluation as 
equivalent to a carcass measure. Robinson et al. (1992) and Rouse et al. (1992b) both 
reported correlations as high as .90 and .91, respectively, for carcass rib fat vs. ultrasound of 
rib fat depth. Similar figures of .81 for carcass 12th rib fat vs. the equivalent ultrasound 
measure and .85 for adjusted fat vs. ultrasound of rib fat were published by May et al. (2000). 
Trenkle (1998) was very close to the average correlation of the previous study with a 
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correlation of .83 between carcass and ultrasound of 12th_13th rib fat cover. On a group of 
cattle of similar age and breed composition within the feedlot sector, Hassen et al. (1995b) 
calculated that 79% of the animals were ultrasonically measured within .15 inches of the 
carcass fat depth and 89% were within .2 inches of the carcass measurement in the cooler. In 
a similar study, correlation of carcass fat depth to ultrasound fat depth ranged from .57 to .81 
when cattle were serially scanned 7 times through the feedlot stage. The coefficients had a 
general upward trend towards slaughter, and the carcass fat vs. yield grade correlation was 
.91 (Hamlin et al., 1995b). Brethour (2000a) agrees that projections of final yield grades 
were not accurate when using ultrasound measures from cattle that were just started on feed. 
The interpretation of fat cover on extremely lean animals is more difficult to estimate. A 
period of high-energy intake to allow genetic differences in fattening to be expressed 
increased the precision of estimates. Re-implant time appears to be the most logical; its after 
cattle have been on feed for several weeks and scheduled to go through the chute. However, 
Rouse et al. (2000) noted that a much more complex prediction model is needed when 
information is collected further from the slaughter date. 
It is well documented that the growth curve of beef cattle is sigmoidal. However, 
accurately predicting the exact shape of the curve for an individual animal involves many 
factors that will be discussed later. Cattle tend to stay relatively lean early in the feeding 
phase and lay on increasingly more subcutaneous fat over the ribs as they are fed longer. 
Trenkle (1998) and Brethour (2000a) both agree that an exponential model best describes the 
accretion of subcutaneous fat. Also noted was the fact that faster-gaining steers accumulated 
fat at a faster rate than slower-growing cattle, and the prediction equation statistically showed 
that fat cover should be adjusted for frame size and initial fat cover, but not for level of 
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dietary energy (Trenkle, 1998). Two studies of fat cover accumulation showed rates of .0177 
and .0096 inches per day on feed (Brethour, 2000a). 
Extensive research has been conducted to find different external locations on a live 
animal to improve the USDA Yield Grade equation. Ultrasound measurement for rump fat is 
a quick, highly repeatable fat depth measurement that is being utilized in genetic evaluation 
by the American Angus Association (2002). Robinson et al. (1992) reported a correlation of 
.92 between Real-time Ultrasound and carcass rump fat measures. However, there is no 
documented information that is clearly more precise, more useful, or more convenient than 
the current USDA method of estimating yield grades at line-speed in a meat processing 
facility. Ultrasound of rump fat and gluteus medius depth did explain up to an additional 
10% of the variation compared to the more traditional models that included only final weight 
and ultrasound measures of fat thickness and longissimus dorsi muscle area at the 12th-13th 
rib (Williams et al., 1997; Realini et al., 2001). Tait (2002) reported an equation for 
predicting percent retail product using ultrasound with a model R-squared value of .45. 
However, depth of the gluteus medius muscle, ribeye area, 12th-13th rib fat, and scan weight 
were significant in the model, but rump fat depth was not. 
Despite attempts by numerous researchers to identify different locations to quantify 
fat, it appears that in a population sample, a single measure of fat depth at the three-quarter 
position over the longissimus muscle continues to be the most accurate predictor of 
cutability. In a feedlot setting, producers may not be willing to spend extra time taking a 
rump fat measurement or other potentially more accurate schemes. Perry and Fox (1997) 
developed an equation to predict yield grade from loin muscle area per lOOkg of carcass 
weight, fat thickness, and equivalent shrunk weight, accounting for 93% of the variation. 
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Commercial meat processors are currently utilizing on-line vision grading with a computer 
measuring fat depth, but have not abandoned the old system. Graders, who are often forced 
to stamp several carcasses per minute, have little time to make split-second yield grade 
adjustments for fat cover, making the usefulness of several fat measures questionable. 
Longissimus Muscle Area 
The assessment of total muscle in a carcass is imperative to the accuracy in a 
prediction equation of cutability or Yield Grade (Greiner et al., 2003a). For many years, the 
standard indicator of carcass muscling has been the cross-sectional area of the longissimus 
dorsi muscle at the 12th_13th rib. Using ultrasound to measure the area of this muscle has 
caught much criticism. 
Though Smith et al. (1992) agreed that ultrasound measures of fat were useful, the 
accuracy of ribeye area was questioned with a correlation of .43. Wilson (1992) was also 
skeptical of its usefulness the same year, but Robinson et al. (1992) and Rouse et al. (1992b) 
found correlations of .87 and .86, respectively, between Real-time ultrasound and carcass 
measures. Trenkle (1998) supported a similar result of .80 on a nutritional study performed 
years later. More research could improve scanning and tracing techniques, which may 
increase the accuracy of prediction or make results more consistent. However, Hassen et al. 
(1995b) reported accuracy on feeder cattle of only 65% with less than 1.5 square inches 
deviation from the carcass measurement. On serially scanned cattle, correlations ranged 
from -.05 to .22 for ultrasound of ribeye area vs. USDA Yield Grade. No visible trends 
across the seven scan sessions were evident as the cattle progressed towards slaughter, and 
the correlation for actual ribeye area vs. yield grade was -.45 (Hamlin et al., 1995b). Even 
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so, a more recent study by May et al. (2000) showed that the trained human eye may be as 
useful as ultrasound. A correlation of .71 was recorded for visual estimation between ribeye 
area and carcass; the ultrasound vs. carcass correlation was .61. The accuracy of the ribeye 
measurement seems highly dependent on a well-trained, experienced technician and a careful 
interpretation (Herring et al., 1994; Brethour, 2000b; Hassen et al., 1996). 
Studies showed consistently that growth of the longissimus dorsi is fairly constant, 
regardless of other factors. Increase in ribeye area best fit a linear model through the feeding 
period and was not dependent on initial fat cover, hip height, or energy level (Trenkle, 1998). 
Nevertheless, its usefulness in the USDA Yield Grade equation has been questioned. Using 
the four traits used in the current equation (lih rib fat, KPH fat, Hot Carcass Weight, and 
ribeye area), size of the longissimus dorsi had the lowest predictive value (Crouse et al., 
1975). However, the measure was more useful for populations of similar weight than for 
groups varying widely in weight. This agrees with Waldner et al. (1992), who found yield 
grade to be most accurately predicted by a model that only included ultrasound of ribeye 
area, live weight, and hip height. Thus, the yield grade adjustment for required ribeye area 
still continues to be useful in the current grading procedure. Greiner et al. (2003b) attested 
that the reasoning is largely due to the simplicity with which the measurement can be taken. 
Tait (2002) utilized additional rump fat and gluteus medius depth measurements from 
ultrasound data to increase the accuracy of predicting percent retail product. Ultrasound of 
the area of the longissimus dorsi was still a significant predictor (p < .001) of the amount of 
muscle in a carcass. 
In an ultrasound scanning session, the same image is used to measure fat depth and 
ribeye area, much like in a grader in a packing facility. At the current time, no new 
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procedures of prediction are available that significantly increase precision for estimating 
yield grade. 
Live Weight 
The feeder cattle population is a vastly diverse group with large variation in weight. 
Hamlin et al. (1995a) realized a strong relationship between age and weight, but it is well 
documented that cattle gain weight with time on feed. Live weight becomes a much more 
useful tool in prediction of yield grade when regressed against age or days on feed. Dolezal 
et al. (1993) fed groups of calves, yearlings, and long yearlings for an average of 251, 166, 
and 98 days, respectively. Though fed for the shortest period, the long yearling cattle still 
maintained a heavier slaughter live weight and averaged 1.0 mm more backfat than the two 
younger groups. Block et al. (2001) showed that backgrounding length, breed type, and 
frame size affected final weight, useful when targeting grids emphasizing cutability. When 
trying to sell groups of compositional similar cattle, Houghton and Turlington (1992) added 
weight as a significant prediction factor. 
When implemented with ultrasound measures, Hassen et al. (1999a) found that cattle 
could be sorted into uniform groups not only according to live weight, but also by quality and 
yield grades from real-time ultrasound predictions. Perry and Fox (1997) agreed with the 
sorting procedure to optimize marketing strategy for each individual and recommended 
allocating different feed regimens to each group. 
Live weight will continue to be a useful measure of performance for the feedlot 
producer. Literature directly relating live weight to USDA Yield Grade as a predictive value 
is quite limited since hot carcass weight is conveniently taken at the packing facility. 
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However, Waldner et al. (1992) performed a study on Brangus bulls, where a model only 
including live weight, hip height, and ultrasound of ribeye area was the most accurate 
predictor of USDA Yield Grade with an R-squared value of .95. Estimating yield grades in 
the live animal at re-implant time can obviously only utilize live weight since carcass weight 
is not possible. Many studies have implemented a standard dressing percent, but with 
questionable accuracy. A shrunk body weight makes cattle more comparable and appears 
useful when combined with other traits like age, time on feed, frame size, and breed 
composition. Unfortunately, feedlot producers are not usually willing to take animals away 
from feed and water overnight. The potential loss in gain, feed intake, and health is not 
economically sound. Live weight has a large influence on carcass composition, but should 
not be considered independently of age, sex, breed, or nutritional history (Berg and 
Butterfield, 1976). 
Age 
When predicting carcass composition, the ability to pinpoint the onset of the fattening 
stage of each individual is imperative (Berg and Butterfield, 1976). If cattle were to be 
marketed at a similar compositional endpoint, Houghton and Turlington (1992) discovered 
that age was a factor needed to predict days on feed. Unfortunately, many feeder cattle are 
purchased through sale barns or auctions, where calf birth dates are not known. Dolezal et al. 
(1993) noticed significant differences for time-on-feed, slaughter weight, and carcass weight 
in three age classifications of feeder cattle, suggesting that a categorical variable may be 
useful. At the same time, backgrounding programs are quite variable, making a classification 
hard to define. 
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When the age of an animal is known, the information is definitely useful. The linear 
effect of age was significant in most scan sessions and statistically important when pooled 
over six years of data when predicting percent retail product, retail product weight, and hot 
carcass weight (Hassen et al., 1998). Along with this, Hamlin et al. (1995a) and Wilson et al. 
(1998) suggested that ultrasound measures needed to be adjusted to a constant age and 
weight for genetic evaluation. The effect of age on carcass composition from a muscle and 
growth perspective is best discussed by Berg and Butterfield (1976). They concluded that 
age, along with sex, weight, breed, and nutritional history, should not be considered 
independently. When cloned steers were slaughtered at the same age within groups, steers 
fed as calves had higher yield grades and dressing percentages than their yearling-fed clones 
(Harris et al., 1997). 
Obviously, one should be more confident in the prediction of an animal with 
extensive background information. With the onset of source verification, age may become a 
variable that is much easier to obtain in a commercial setting where feeder cattle are 
purchased. Operations that keep extensive records and retain ownership through slaughter 
may see substantial benefits. 
Hip Height or Frame Score 
Accurately measuring the height of a steer or heifer standing in a head chute may be 
one of the most difficult data points to obtain, but it also could be one of the most useful in 
predicting cutability early in the feeding period. It is well documented that Continental 
breeds of cattle are generally larger-framed, later-maturing animals that tend to stamp with 
lower average yield grades. The efforts in past decades to increase mature size by utilizing 
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the Continental breeds also caused a parallel trend toward less carcass fat (Berg and 
Butterfield, 1976). 
Steers with greater initial height accumulated fat later and at a slower rate than shorter 
steers (Berg and Butterfield, 1976; Trenkle, 1998). Rouse et al. (1992b) also indicated that 
small-framed cattle were depositing fat at a faster rate than muscle towards the end of a 160-
day feeding period. Trenkle (1998) found that taller steers were heavier and had larger 
ribeye areas, but entered the feedlot with fat cover similar to smaller-framed steers. As 
discussed earlier, frame had no effect on growth of the longissimus dorsi, but Dolezal et al. 
(1993) found differences in fat partitioning among different muscle subclasses. However, 
this may be unrelated to size of ribeye area, since calves were divided into groups using the 
USDA feeder calf muscling scores. Camfield et al. (1997) reported similar information 
during a study where medium-framed steers averaged more fat cover and higher yield grades 
than a larger-framed group. Rouse et al. (1992b) found that weight increased linearly with 
height in a study with three frame classifications of bulls and steers. 
An easier method of quantifying hip height into a more manageable trait has long 
been frame score or a simple classification of small, medium, or large. Dolezal et al. (1993) 
created subclasses with frame size and muscle thickness, finding significant effects on time-
on-feed, slaughter weight, and carcass weight. Increased frame and decreased muscle 
thickness were associated with greater time-on-feed and heavier slaughter weights, indicating 
that light muscled and larger-framed cattle are often fed too long. As well, large-framed 
cattle had the lowest percentage of subcutaneous fat, but the highest percentage of internal 
fat, suggesting an adjustment for kidney, pelvic, and heart fat may need to be investigated 
(Dolezal et al., 1993). It seems many producers may be trying to feed lower quality cattle to 
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an unobtainable Choice grade, while sacrificing potential yield grade premiums in the 
process. 
Results of these studies indicate that the USDA frame size categories for feeder cattle 
may be a useful tool when birth dates or other background information is unknown. Though 
system updates were recommended, Grona et al. (2002) found the USDA feeder cattle 
standards were accurate at predicting slaughter weight for steers and heifers, with R-squared 
values of 0.94 and 0.89, respectively. Muscle differences were successful in predicting 
calculated differences in yield grade when cattle were classified into groups based on an 
overall fat thickness from the four primals. Producers targeting a constant subcutaneous fat 
endpoint for their fed cattle may find frame score to be of substantial benefit. Limited 
literature was available utilizing frame score as a predictive value in diverse cattle 
populations. However, in a study on serially scanned Brangus cattle by Waldner et al. 
(1992), hip height was an included variable in the most accurate prediction equation of 
USDA Yield Grade with an R-squared value of .95. 
Breed Composition or Parentage 
Since the onset of value-based marketing in the beef industry, specific packers have 
paid premiums for high yielding cattle with little external fat. Consumer preference of 
leaner, healthier beef, coupled with the profit loss due to overfeeding marketed animals has 
caused breeding programs to change focus (Izquierdo et al., 1994a). An abundance of 
carcass data has led to the development of Expected Progeny Differences by progressive 
breed associations. However, carcass data may take years to recognize a superior bull or cow 
and is costly for the producer. Ultrasound can identify these animals before they reach a year 
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of age. Today, bulls or females within a breed are demanding a premium for their progeny's 
potential carcass merit based on ultrasound data. 
In the 1970s, Berg and Butterfield (1976) described early-maturing British cattle that 
deposited a greater portion of subcutaneous fat than later-maturing Continental cattle. 
Breeds not only differ in the stage at which fattening begins, but also the rate at which the fat 
is deposited. This agrees with the research presented earlier related to frame, weight, and 
age. The beef industry has dramatically changed in the last three decades, but more recently, 
Hassen et al. ( 1998) still found significant effects on intercept and slope for ultrasound 
measures when evaluating breed of sire. 
Numerous researchers have separated breeds by their accretion of fat in the feeding 
period. Understanding the shape of the growth curve for an individual animal appears very 
beneficial. Continental breeds begin to fatten at a heavier weight than British breeds (Berg 
and Butterfield, 1976; Hassen et al., 1998). When comparing breeds at uniform fat, 
Charolais and Herefords calculated 43% and 11 % later maturing, respectively, than Angus in 
the 1970s, though all three breeds have made drastic changes since then (Berg and 
Butterfield, 1976). Ferrell and Jenkins (1998) found that nutritional treatment could not 
compensate for sire breed differences in composition in a study of both bas indicus and bas 
taurus breed groups. Williams and Bennett (1995) used a computer model to predict 
optimum slaughter endpoints, finding that breed choices may change with different grading 
and value systems targeted, along with post-weaning production system. As breeds make 
genetic progress in managing fat cover, the usefulness of a breed classification for yield 
grade prediction may change. 
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Sex 
Trials reporting data on feedlot heifers have not been as popular as studies involving 
steers. Some research suggests that steers and their female feedlot counterparts are 
essentially the same in many aspects. Still, obvious differences exist among sexes in the 
rates, ages, and weights at which cattle fatten. 
Sex influences deposition of body tissues. At the same weight, heifers are fatter than 
steers, and steers are fatter than bulls. However, all three sexes statistically have the same 
muscle-to-bone ratio (Berg and Butterfield, 1976). This suggests that muscle grows at the 
same rate in heifers and steers when adjusted for weight. The major difference between 
sexes it the onset of the fattening stage. In a study of Brahman cattle, sex did not affect 
muscle or fat deposition up to weaning, but sex did affect the shape of the growth curve from 
weaning to 20 months of age (Menchaca et al., 1996). Steers have a prolonged period of 
muscle growth when compared to heifers (Berg and Butterfield, 1976). On an adequate 
plane of nutrition, fat increases slowly with muscle until muscle growth slows and fat is 
accumulated at an increasing rate. 
Similar trials performed separately on heifers and steers have shown like results. 
Heifers finished as calves recorded feed efficiency similar to yearlings (Wertz et al., 2001a). 
These results agree with a study on steers performed by Block et al. (2001). However, it 
appears that extended backgrounding programs are more detrimental to heifer profitability, 
especially in regards to efficiency and quality grade, regardless of breed (Wertz et al., 2001a; 
Wertz et al., 2001b; Wertz et al., 2002). 
Implanting caused more separation between yearling heifers and calves in the feedlot. 
Melengestrol acetate (MGA) had more effect on efficiency for yearling-fed heifers than 
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calves, particularly if the heifer were implanted twice in the feedlot (Mader and Lechtenberg, 
2000). This agrees with data cited earlier, where efficiency was poorer among yearling 
heifers relative to calves fed the same way. The influence of the estrus cycle on animal 
activity in yearling-fed heifers is the most logical explanation for these differences. MGA 
may need to be included in a prediction model as an indicator variable, due to its ability to 
enhance feed:gain. Berg and Butterfield (1976) noticed that carcass fatness could be 
influenced by plane of nutrition. Thus, when combined with information presented earlier, 
there may be interactions between age, energy level, implant strategy, and the use of MGA. 
Muscle of steers or bulls and females grows at an almost uniform rate during the pre-
pubertal and adolescent phases of growth, or the feeding period. When predicting yield 
grade, it seems imperative to pinpoint the onset of the fattening stage. Both steers and heifers 
will grow fat at similar rates until heifers reach their rapid fattening state. Use of live weight 
in conjunction with sex should be most helpful. A prediction model developed on steers 
should be tested independently against a set of feedlot heifers. 
Implant Strategy 
Though implants have been criticized in recent years from the human health sector, 
they are still used extensively in the feedlot for maximizing profitability. Producers worry 
about the potential detrimental effects of implants on marbling score. However, studies have 
shown that yield grades may also be indirectly affected, though differences are small. 
Circumstantial evidence exists between numerous studies indicating that anabolic 
growth promotants may increase the incidence of dark cutters (Roeber et al., 2000). Though 
some implants may change how energy is partitioned, it does not appear to be detrimental or 
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beneficial to yield grade. There was no statistical difference between steers implanted with 
Encore, Encore plus Component TS, or individuals given Encore plus Component TS again 
100 days later (Fike et al., 2000b). This indicates yield grades are not affected when cattle 
are implanted once or twice. Samber et al. (1996) even recorded no differences in fat 
thickness for cattle implanted as many as three times vs. a control group. Roeber et al. 
(2000) and Samber et al. (1996) also recorded no difference in adjusted backfat thickness 
among eight implant strategies. It appeared that the increase in yield grade due to hot carcass 
weight and KPH was offset by a reduction in yield grade due to increased ribeye area. This 
agrees with Fike et al. (2000a), who also noted increased ribeye area and hot carcass weight 
in two implanted pens of 25 steers versus an equal number of control cattle. As a result, 
ribeye area should be included in prediction equations for yield grade if attempting to adjust 
for differences caused by implants. Information comparing implant strategy and quality 
grade will be discussed later, but growth promotants do not appear to drastically affect 
cutability as it will be interpreted by the USDA grader. 
Energy Level/Days-on-Feed 
Berg and Butterfield (1976) repeatedly stated that fat was the most variable tissue in 
the carcass. This was largely due to the fact that numerous factors effect fat's growth, rate of 
growth, and the onset of this phase. Included among the factors affecting fat are the energy 
level the animal consumes, the amount of feed, and the length of time the animal is on the 
concentrate diet. 
When Trenkle (1998) fed two rations of .59 and .64 Meal NEg/lb. dry matter, 
accretion of fat and growth of the ribeye muscle were not affected by energy level and fat fit 
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an exponential model whereas muscle size increase was linear. Also reported in the same 
study, steers with better gain accumulated subcutaneous fat at a faster rate than slower-
gaining steers. However, it could be argued that both diets in this experiment could be 
classified as high-energy, and the respective energy levels were not significantly different 
from each other. 
Rossi et al. (2001) found similar results using a different approach. Intake was 
programmed to a predicted gain in one group of steers vs. another set that was fed ad libitum. 
Gain was better (P < 0.06) in the programmed set with similar efficiency (P = 0.38) than the 
ad libitum cattle without statistically affecting carcass characterisitics (P < 0.22). This 
information agreed with Ferrell and Jenkins (1998), who found that maximum efficiency 
could occur at less than maximum intake levels, when compared across five sire breed 
groups. However, when implants were included in a trial, gain was increased by over 15% 
for ad libitum fed steers fed to a constant fat endpoint, suggesting an interaction between 
implant strategy and dietary energy level (Hermesmeyer et al., 2000). 
Meissner et al. (1995) reported that dressing percentage and carcass gain increased as 
dietary energy level and ADO increased. It can be speculated that the increase in dressing 
percentage was largely due to more external fat, thus agreeing with information discussed 
earlier by Trenkle. Sainz et al. (1995) found that steers fed an ad libitum, high-concentrate 
diet through both the growing and the finishing phase had more fat cover than steers either 
limited on intake or concentrate level during the growing phase. 
Van Koevering et al. (1995) found that carcass weight, subcutaneous fat, KPH, and 
yield grade all increased linearly with time on feed. Duration of finishing was a source of 
variation for carcass weight, KPH, fat thickness, and yield grade (Camfield et al., 1997). 
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When taken to the same fat level, long yearling cattle required the fewest days-on-feed, 
increased frame size and decreased muscle thickness were associated with greater time-on-
feed (Dolezal et al., 1993). Chronological age significantly influenced days-on-feed to 
achieve a constant subcutaneous fat endpoint. This suggests that days-on-feed is of great 
importance in predicting cutability for British and Continental crossbred cattle. Fluharty et 
al. (2000) reported that early-weaning programs can accelerate fat deposition. At 210 days, 
early-weaned calves had greater fat cover (P < .001) than normal-weaned with no difference 
in loin muscle area (P > .10) across eight post-weaning feeding strategies. 
Collectively, animals seem to be able to achieve a given carcass composition or 
degree of finish over a wide range of nutritional planes (Berg and Butterfield, 1976). 
Williams et al. (1995) found the same result decades later in a study of 16 sire breed groups. 
The question that seems to remain is how variable feedlot diets are in energy level. Berg and 
Butterfield (1976) noted differences in fattening for moderate vs. high planes of nutrition. If 
one assumes that all cattle are given a plane of nutrition sufficient to meet maximal growth, 
then the usefulness of diet/days-on-feed in a prediction equation shall remain questionable. 
Marbling or Percent Intramuscular Fat 
Past research has utilized marbling score in prediction of retail product or USDA 
Yield Grade equation evaluation. Crouse and Dikeman (1976) found adjusted fat thickness, 
longissimus muscle area, estimated kidney and pelvic fat, hot carcass weight, and marbling 
score were most important in predicting percentage retail product, accounting for 79.2% of 
the variation. More recently, Tait (2002) used percent intramuscular fat estimation from 
ultrasound. R-squared values increased from 0.45 to 0.49 by including percent intramuscular 
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fat in the model. No clear explanation was found in either study for this trend. However, 
Tait (2002) reported negative correlation coefficients between marbling score and percent 
intramuscular fat to percent retail product (-.35 and -.41, respectively). Therefore, selecting 
for a single trait could have an antagonistic effect on the beef industry. 
Predictors of USDA Quality Grade Using Ultrasound 
Marbling or Percent Intramuscular Fat 
Extensive research has been performed in the past decade to try to quantify marbling, 
a trait that cannot be seen visually on the live animal and is scored subjectively in the current 
grading system. Intramuscular fat has been associated with a better tasting, more consumer-
preferred product. Owens and Gardner (1999) found that the only carcass measurement 
related to tenderness was marbling score, showing its importance to the industry. Many grids 
pay premiums for high-marbling carcasses, sparking interest from feedlot producers to find 
ways to identify cattle that meet those specifications. 
For many years, cattle have been sorted for "market readiness" using visual appraisal 
of weight, fat cover, and known time on feed. May et al. (2000) used highly trained 
personnel to estimate USDA Quality and Yield Grades, using only visual evaluation and 
experience as tools. While correlations for estimating yield grades were favorable at .66, live 
estimation of quality only reported a correlation of .30. Thus, it seems necessary to use other 
means to predict marbling score. Heritability estimates of marbling are moderate at .38, 
making it attractive to enhance and of extreme value to beef producers (Wilson et al., 1993). 
However, accurately predicting percent intramuscular fat on a live animal met some 
controversy. Rouse et al. (1992a) only accounted for 41-46% of the variation in percent 
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intramuscular fat, showing great potential for improvement. Using the same technology in 
1994, correlation between percent intramuscular fat and marbling score were recorded at .66 
and .67 (Izquierdo et al., 1994a). 
The development of the intramuscular fat prediction models used in this study is best 
discussed by Amin et al. (1994). Other technologies were developed elsewhere and will be 
discussed later. Nevertheless, the models for prediction of marbling developed at Iowa State 
University involved extensive trials and evaluations. Izquierdo et al. (1994b) suggested that 
ultrasound is better than the subjective marbling score at predicting percent intramuscular fat 
in lower quality grading carcasses. The study reported that ultrasound was accurate 53% of 
the time, and marbling score only predicted 14% of the USDA Standard cattle when 
compared with percentage intramuscular fat. However, accuracy of prediction decreases as 
fat percent moves away from the data set mean, which was 4%. In the Select grade, 
ultrasound was 37% accurate vs. 33% for marbling score. In the Choice grade, ultrasound 
was 63% accurate vs. 78% for marbling score. As marbling increased into the Prime cattle, 
ultrasound was only 10% accurate vs. 40% for marbling score. Precision of estimates on 
higher quality cattle could have been improved with more observations of prime cattle in the 
data set (Izquierdo et al., 1994b ). A validation of the intramuscular fat model was performed 
by Hassen et al. (1995a) a year later, finding that 53% of the steers scanned were within 1 % 
and 85% were within 2% of the chemically analyzed percent intramuscular fat. The calves 
reported in the studies conducted at Iowa State University used AOAC approved hexane 
extraction to determine fat content in a freeze-dried sample. Rouse et al. (1992a) reported 
correlations of .63 and .80 between chemically extracted fat and marbling score, consistent 
with most other literature, where .70 is common. 
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As more cattle were available for evaluation, prediction models were improved. 
Computers able to differentiate between 256 shades of gray were developed, and ultrasound 
technology improved. More recently, accuracy in prediction of intramuscular fat was not 
significantly different for either the Aloka 500V or the Classic Scanner 200 (Hassen et al., 
2001). The Classic Scanner 200 was used in this study. However, standard protocols were 
developed to make the ultrasound information more useful. Hassen et al. (1999b) suggested 
technicians using software for prediction of intramuscular fat should take a minimum of three 
or four images to increase the accuracy for each individual animal. Eventually, a processing 
lab was developed, with standard requirements for field technicians. 
Other research institutions were also using ultrasound to predict marbling in the live 
animal with similar results. Within the feedlot sector, Perry and Fox (1997) correctly 
identified quality grade in 82% of steers ultrasonically measured just prior to slaughter with 
the General Electric Datason. Brethour (1990) performed a similar study, visually estimating 
quality grade chute-side with an accuracy of 77%. Results suggested that a mathematical 
analysis may have improved accuracy. If the cattle that were "borderline" between the 
Select/Choice grade were omitted, 80-90% of the remaining cattle could be classified in to 
the corresponding USDA Quality Grade. 
The previous research agrees that ultrasound is useful in sorting high and low quality 
cattle when the animals reach a desired weight. However, with the window of packer 
acceptability on carcass weight, many animals are still being fed past their date of optimum 
net return. Many cattle that reach the Choice grade at 1100 pounds are often fed to 1300 
pounds to maximize gains and dollars per head, but the producer sacrifices potential yield 
grade premiums in the process. Using fat cover to estimate marbling has proved ineffective. 
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Correlations between ultrasound of 1th rib fat and marbling score on cattle serially scanned 
seven times ranged from -.04 and .33, with no visible trends towards slaughter (Hamlin et al., 
1995b). Thus, past research indicates the need to predict carcass quality at a given point in 
the feeding stage to reduce overfeeding or marketing cattle too early. 
Brethour (2000b) attests that the ability to predict quality grade in calves may allow 
for clustering into similar carcass groups to maximize marketing and management strategies. 
However, Rouse et al. (2000) adds that predicting quality and yield grade 100 days before 
slaughter or at re-implanting time is more difficult than a pre-harvest estimation and requires 
a more detailed model. 
Herring et al. (1998) noted three major components of error in predicting future 
quality grade: accuracy of ultrasound (within a standard error of 0.7-0.9 marbling score 
units), differences among animals, and environment and health. Along with this, marbling 
score is a subjective measure that is determined visually in a commercial packing plant at 
rates as fast as 5-6 carcasses per minute. Brethour (2000b) added that marbling score 
determination varied among graders, and is also dependent on carcass temperature, lighting, 
bloom time, and ribbing technique. 
Regardless of human error, marbling score has some specific tendencies in regards to 
other variables that need to be considered. Though cattle become more difficult to scan as fat 
cover increases (unpublished), projections improved from 64-75% as evaluation neared 
harvest date (Brethour, 2000a). Obviously, a shorter interval from scan to slaughter will 
increase the predictability of an animal. Even so, understanding the growth curve of each 
individual appears important. In a study including Angus and Simmental progeny, Hassen et 
al. (1998) noticed that even though both groups were depositing external fat at an increasing 
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rate, they were also leveling off in their rate of marbling deposition. This agrees with 
Duckett (unpublished), who found that marbling deposition showed a plateau after about 112 
days on a high concentrate diet. 
In a study of ruminant nutrition and carcass quality, Owens and Gardner (1999) found 
that breed, gender, rate of gain, grazing, feedlot days, dietary fat, and energy source were not 
statistically related to marbling. This study suggests that marbling is somewhat independent 
of what or how intensively animals are fed, though other literature finds otherwise. Ferrell 
and Jenkins (1998) agreed that few interactions existed between sire breed and nutritional 
treatment in a study of both bos indicus and bos taurus cattle. However, Brethour (2000a) 
and Hassen et al. (1998) suggested that breed differences existed, finding the parameters 
predicting marbling were different between Continental and British breeds of cattle. Breed 
composition and its effect on marbling will be further discussed later. Significant data 
involving frame size and feeding regimen will also be dually noted. 
Projections of carcass quality have been successfully attempted using other 
ultrasound technologies. In one study, a modified power function best described the 
development of marbling (Brethour, 2000a). Results suggested that marbling was more 
accurately projected as percentage grading Choice or better in a load of cattle increased, 
indicating that higher quality cattle are more predictable. When other factors were included, 
a linear model was developed including: date of birth, sex, percentage Angus, initial 
ultrasound marbling estimate, and slaughter date was used to sort cattle into three marketing 
groups (Brethour, 2000b ). 
Projecting future quality grade is still a fairly new concept. Hassen et al. (1995a) 
suggested that prediction models be based on diverse groups that include different ages, sex, 
24 
degrees of finish, and other animal factors. Testing the model on independent data before 
putting it to commercial use was also highly recommended. 
Fat thickness 
For decades, the answer for carcass quality was an additional month in the feedlot. 
Since marbling could not be seen, it was long thought that more external fat would lead to 
more marbling. Research has now proved that it more likely led to inefficient gain, 
overweight carcasses, and an increased incidence of yield grade 4 and 5 cattle, none of which 
produce premiums for the livestock owner. 
Correlation between live visual evaluation of quality grade and the USDA stamped 
grade were only .30, proving the ineffectiveness of the popular, old system (May et al., 
2000). The variation of marbling within a set of cattle and between independent groups is 
quite large. On a study of Angus and Wagyu heifers, Wertz et al. (2002) reported that 
marbling score increased linearly with l21h-rib fat thickness in finishing calves or 2-year-olds 
(P < 0.01), but marbling scores were higher in the calves vs. the long-aged heifers at any 
given fat thickness (P = 0.02). The superior marbling ability of the Wagyu and Angus breeds 
may have played a role in this study. 
Genetic selection and the development of carcass EPDs has shown that external fat 
and intramuscular fat may be genetically independent traits. The Spring 2002 Angus Sire 
Summary reported a phenotypic correlation of .16 for fat thickness vs. marbling and a genetic 
correlation of .04 (American Angus Association, 2002). As well, the ultrasound correlation 
of% intramuscular fat and 121h-rib fat were .22 for the genetic and .21 for the residual 
correlation. Vieselmeyer et al. (1996) found Angus bulls could be selected to produce 
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progeny with an increased the ability to grade Choice without any increase in yield grade or 
detrimental effects to growth or efficiency. Though subcutaneous fat and marbling are 
positively correlated, this proves that the traits are somewhat independent of each other. 
Andrae et al. (2001) produced similar results by feeding high-oil com. No change in yield 
grades were found between the treatment group and the control, but steers on the high-oil diet 
went 78% Choice vs. 47% for the control cattle. 
Interactions with implants may also play a major role in accuracy of prediction. 
Specific implant strategies have been known to be beneficial to quality grade while having 
virtually no effect on external fat (Fike et al., 2000a; Hermesmeyer et al., 2000). More often 
in an aggressive implant scheme, carcass quality has been lower, but fat thickness remains 
unchanged (Roeber et al., 2000; Samber et al., 1996). 
Obviously, as cattle fatten and approach desirable market weight, achieving the 
Choice grade becomes relatively easier. However, it must be remembered that the level of 
confidence one uses in this measure is still low. Cattle with minimal external fat can still 
grade Choice or higher. As well, extremely fat cattle can grade Select or Standard. 
Live Weight 
As with external fat or degree of finish, live weight was also a long-time answer for 
ensuring adequate quality grade in beef animals. Steers or heifers taken to heavier weights 
were thought to grade better. Even today, the showring only utilizes a judge's opinion of 
degree of finish to evaluate the worthiness of a steer on-foot. The use of ultrasound allows 
the ability to predict value not only at pre-slaughter, but also at any live weight. 
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Berg and Butterfield (1976) attested that weight, in general, as a predictor broke 
down as cattle of different breeds and nutritional histories were included in a dataset. Harris 
et al. (1997) fed cloned steers as either calves or yearlings to the same live weight and found 
no difference in carcass quality grades (P > .05), but noticed separation in numeric yield 
grades. This indicates that environment may have little effect on marbling rate and is not 
related to live weight. Brethour (2000b) published intriguing information in a marbling 
projection model in which no weights were significant, but date of birth was included. 
It appears that live weight may be more useful when regressed with breed, frame 
score, and age. Block et al. (2001) found differences in marbling scores for heavy vs. lighter 
weight animals, but it was more due to the fact that heavier Charolais steers outmarbled 
Herefords at a lighter weight. With this, small-framed Angus steers had better quality grades 
than either of the previously mentioned breeds, but had the lightest carcasses. Fluharty et al. 
(2000) found that early-weaning systems could accelerate the onset of marbling deposition, 
making cattle potentially more profitable from their quality grade and younger age. 
Hassen et al. (1999a) recorded correlations between hot carcass weight and 
ultrasound of percent intramucular fat of .01, -.02, -.06, and-.08 at 365, 382, 414, and 448 
days of age, respectively. However, carcass weight is a direct function of live weight, and 
these correlations are low. More directly, the Spring 2002 Angus Sire Summary reported 
very similar genetic and residual correlations between scanning weight and ultrasound of 
intramuscular fat of -.07 and .11, respectively (American Angus Association, 2002). 
It seems quite clear that live weight has little predictive value by itself, but proves 
more useful in multiple regression with other datapoints. Taking cattle to heavier weights to 
improve the percent Choice in a load or group is an assumption that costs the beef industry 
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every day. Consumers desire a leaner, healthier product; increasing live weight cannot 
provide this in most cases. 
Age 
It is well documented throughout this review that the date of birth of an animal is 
related to many other sources of variability in prediction, including sex, weight, frame size, 
and feeding regimen. Unfortunately, birth dates of purchased cattle or often unknown. 
Interactions between a feedlot animal's age and specific response to implant strategy have 
been noticed in study-to-study comparisons (Roeber et al., 2000; Fike et al., 2000a). It was 
also realized that there was a strong relationship between age and live weight, causing 
ultrasound measure to need to be adjusted to a constant age and weight for genetic evaluation 
(Wilson, 1992; Hamlin et al., 1995a). In regards to hip height, it was recorded that small-
framed cattle's ability to fatten earlier in the feedlot stage often indirectly results in higher 
quality grades (Block et al., 2001). 
When ultrasound was used as a sorting tool for marketing strategy, Brethour (2000b) 
found that a linear model including date of birth, sex, percent Angus, initial ultrasound 
marbling estimate, and slaughter date could group cattle to an average composition. 
Agreeably, in the development of intramuscular fat prediction models, Hassen et al. (1995a) 
suggested that various ages of cattle be included to increase the diversity of the data set and 
the validity of the model. When Harris et al. (1997) fed cloned Brangus steers to the same 
age endpoint, fed calves had higher quality grades than their yearling-fed counterparts. 
However, when fed to a constant live weight, there was no difference in carcass quality grade 
or palatability. 
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Age of an animal appears most useful when combined or regressed with other 
variables in the projection of quality grade from live animal measures or ultrasound data. 
Hip Height or Frame Score 
It is well documented that large-framed, Continental-based cattle tend to be higher 
cutability, lower quality grading cattle. Taller individuals tend to fatten later or at a heavier 
than average weight. Large-framed cattle require greater days on feed to achieve the same 
backfat thickness as medium-framed calves (Dolezal et al., 1993). However, when relating 
quality grade to frame, the ability of an animal to fatten on the outside has little to do with 
their ability to marble. As discussed earlier by Hamlin et al. (1995b), rib fat vs. quality grade 
reported a low correlation of .37. 
Marbling was not totally dependent on frame size but more on breed in a study by 
Block et al. (2001), as Angus outmarbled Herefords of similar frame size. Thus, it appears 
that frame needs to be coupled with breed composition when predicting intramuscular fat. 
The same study also noted that Charolais graded more favorable than Herefords, but the 
ability of smaller-framed cattle to fatten earlier often resulted in better marbling scores 
(Block et al., 2001). 
This research is best summarized by Brethour (2000a), who found marbling rates of 
.0143 % per day for large-framed cattle and .0169 % per day for small-framed cattle. The 
shorter individuals, who fatten earlier in the feedlot, tend to average a greater slope. All said, 
this information could be used to pre-sort cattle into frame groups, which can later be further 
divided by ultrasound measures to finalize management strategy for each group. 
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Breed Composition or Parentage 
It has been well documented that compositional differences exist between various 
breeds of cattle, but convincing producers that quality grades among breeds differ has been 
somewhat difficult. However, ultrasound has allowed the beef industry to identify the 
superior seedstock, demand a premium for them, and speed progress towards a more 
desirable end product. 
It does not appear, as once thought, that quality grade can be fed into an animal. 
Ferrell and Jenkins (1998) found few interactions between sire breed and nutritional 
treatment, suggesting that carcass traits may be somewhat independent of feeding strategy, 
assuming a diet of sufficient energy is fed. In another nutritional study, Owens and Gardner 
(1999) reported that breed was not statistically related to marbling. This suggests that there 
is significant variation within a breed as well as between breeds. However, other research 
shows breed background has predictive value. More data relating diet to predictability and 
ultrasound will be discussed later. 
Intercept and slope values for ultrasound measures were significantly different when 
evaluating breed of sire (Hassen et al., 1998). Many studies have noticed differences in 
marbling for British vs. Continental breeds of cattle. Angus-sired steers have consistently 
outmarbled Simmental-sired steers (Brethour, 2000a; Hassen et al., 1998). Not only did the 
Angus cattle grade better than the Simmental, but the rate at which marbling is deposited also 
favored the Angus breed. Progeny from an Angus bull deposited .0069% intramuscular fat 
per day when serially scanned. Progeny from a Simmental bull only averaged .0001 % 
intramuscular fat per day (Hassen et al., 1998). 
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When predicting marbling, Brethour (2000a) found that parameters for prediction 
models were different between British and Continental cattle. However, classifying cattle as 
either British or Continental does not appear to be effective in prediction of quality grade. 
Block et al. (2001) reported a trial where Charolais outmarbled Herefords, the inverse result 
of what normally would be expected in a British/Continental comparison. The inability of 
Hereford or Shorthorn cattle to consistently grade with Angus makes an indicator variable for 
British cattle inaccurate. Other approaches used percentage of Angus blood in the calf, along 
with date of birth, sex, and ultrasound marbling estimate (Brethour, 2000b ). Results of other 
studies have shown that a prediction model for each breed may be the best approach. Rouse 
et al. (1999) reported that Wagyu-cross steers had the genetic ability to deposit marbling 
faster and to higher levels than typical feedlot cattle. However, in a commercial feedlot 
setting, a much more general, simplistic model is needed. 
Unfortunately, when cattle are purchased, sire breed is often unknown. Hassen et al. 
(1995a) suggested that various breeds be used when developing intramuscular fat prediction 
models, indicating that breed may also be important when used in a projection equation 90 
days prior to slaughter. 
Sex 
As with yield grade prediction, limited literature is available implementing ultrasound 
in the feedlot sector on heifers. More steers are available for research purposes, and the 
majority of cattle fed in this country are castrated males. The National Beef Quality Audit 
(KcKenna et al., 2000) still reported that nearly 32% of the slaughter cattle in the United 
States were heifers 
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According to Owens and Gardner (1999), gender does not effect marbling when 
viewed from a nutritional standpoint. Contrarily, Wertz et al. (2001b) found that heifers fed 
as calves deposited marbling at a faster rate than yearling-fed heifers. This information 
agrees with Block et al. (2001), who reported similar results on steers, in which extended 
backgrounding programs were detrimental to quality grade. These results seem to be 
constant irrespective of breed (Wertz et al., 2002). Hassen et al. (1998) indicated that 
regression analysis showed differences in growth and composition of feedlot cattle, though 
slopes for marbling deposition were leveling off in all three sexes (bulls, heifers, and steers). 
Their data suggested that when weight was adjusted for, accretion of intramuscular fat in the 
latter feeding stages may be the same for any sex, since the quadratic effect of age on 
ultrasound prediction of intramuscular fat was negative. When total fat, including 
subcutaneous, internal, intermuscular, and intramuscular fat, was separated from the carcass, 
Berg and Butterfield (1976) found that heifers had more fat than steers. The higher 
percentage of fat was more due to the earlier onset of the fattening stage than the rate at 
which the fat was deposited. This suggests that steers and heifers may add all types of fat to 
the carcass at the same rate, though at a different age and weight. However, Hassen et al. 
(1995a) still suggested that differing sexes be included when developing a valid prediction 
model of percent intramuscular fat. 
Implant Strategy 
Growth promotants have been the most popular scheme in the feedlot industry to 
maximize cattle gain and efficiency. Along with this, research has developed various types 
of implants. Thus, categorizing cattle as either implanted or non-implanted may cause gross 
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errors in data evaluation. Marbling scores can be both enhanced and detrimentally effected 
by specific implants, depending on the hormone aggressiveness of the implant and other 
factors. 
Roeber et al. (2000) protests that anabolic growth promotants can compromise beef 
carcass quality grade due to reduced marbling scores and increased incidence of dark cutters. 
Triple-implanted steers with many combinations of implants did show lower percentages of 
Choice and Prime carcasses relative to the control, but the problem could have been reduced 
by increasing the protein level fed in the diet (Samber et al., 1996). However, several studies 
showed that marbling was actually enhanced when an implant strategy was applied (Fike et 
al., 2000a; Fike et al., 2000b). Even so, disagreeable information was published by Roeber et 
al. (2000), who found control cattle to have better quality grades than six of his eight implant 
treatments. Hermesmeyer et al. (2000) found the same result in two of his six diet X implant 
treatments. It should be noted that Fike et al. (2000a & 2000b) performed his study on 
yearling cattle, suggesting an interaction between age of animal and implant strategy. 
More studies involving re-implanting suggest differences in marbling due to age of 
animal and brand of implant. Within six implant schemes that had a negative effect on 
marbling, all contained Synovex Plus, Revalor-S, or a combination of the two implants. 
These brands are more aggressive in the level of androgen and estrogen they provide the 
animal. Strategies beneficial to quality grade included Ralgro or Encore & Component T-S, 
commonly known as less aggressive implants (Roeber et al., 2000). The Encore & 
Component T-S strategy produced similar results vs. a double implant or a single 
administration of Encore alone (Fike et al., 2000b ). In a study of 9,052 steers and 4,588 
heifers, Guiroy et al. (2002) categorized implant strategies by their relative aggressiveness. 
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Significant differences in percent grading Low Choice or better were noted between control 
cattle (62.5%) and the most aggressive implant schemes (46.3%). Duckett (unpublished) 
simply stated that ionophores do not influence marbling deposition, but on average, anabolic 
implants reduce marbling score by 24% and percent grading Choice by 14.5%. 
Since a vast majority of the cattle fed are implemented with some sort of implant 
strategy, it may be necessary to test a model extensively for its effectiveness on as many 
different schemes as possible. Implants may need to be classified categorically for their 
respective aggressiveness and possibly combined or regressed with animal age to account for 
additional variability. 
Energy Level/Days -on-Feed 
It has been speculated in a quality audit by the National Cattlemen's beef Association 
that one-fourth of all cattle marketed are fed too long, and another quarter are not fed long 
enough (Boleman et al., 1995). The fact that feeding strategy effects carcass composition 
needs no documentation. Nevertheless, results from numerous nutritional studies on feed's 
effect on intramuscular fat are quite variable. Using this information, it would appear that 
how cattle are fed and for how long is of great importance. However, the predictive value of 
feeding regimen is not that easy to define, since it seems to have interactions with many other 
measures. Hermesmeyer et al. (2000) noted an interaction between intake level and implant 
for marbling score. 
In regards to days-on-feed, cattle gain better in the initial feedlot stages than towards 
slaughter, where efficiency is also adversely affected (Block et al., 2001; Berg and 
Butterfield, 1976). Composition of gain changes through the feedlot, and it is well known 
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that it takes more energy to generate fat than muscle. Even though almost all feedlot diets 
may contain enough energy to not be detrimental to marbling, energy level led to differences 
in carcass weight and carcass fattening (Berg and Butterfield, 1976). In a contrasting report, 
Owens and Gardner (1999) found that marbling was not related to feedlot days, dietary fat, or 
energy source. This agrees with Trenkle (1998), who reported that accretion of fat was not 
affected by energy level, using diets with .59 and .64 Meal Neg/lb. dry matter. However, in 
regards to marbling, feeding high-oil com produced steers at 78% Choice vs. 47% for the 
control group (Andrae et al., 2001). 
Days-on-feed may have more predictive value when used in conjunction with a 
backgrounding program. Finishing days were significantly reduced when a 126-day 
background was used vs. a 70-day period. Block et al. (2001) also found that longer 
backgrounding programs had a negative effect on quality grade. This indicates that days-on-
feed may need to be used with age to pinpoint the stage of each animal on the growth curve. 
In a study of limit-feeding vs. ad libitum feeding of silage vs. grain, Coleman et al. (1995) 
found that Choice beef could be produced in only 45 days in the feedlot, but palatabiltiy was 
detrimentally affected. 
Brethour (1990) regressed a chute-side speckle score for marbling with days-on-feed 
and recorded accuracy of 77% as far as 148 days before harvest. Thus, it appears to be a 
very useful to measure in certain scenarios. It is still unclear whether or not feeding strategy 
affects quality grade. Duckett (unpublished) found that the addition of tallow to com-based 
finishing rations did not increase marbling scores. As well, the inclusion of soybeans in a 
diet increased quality grade in some studies, but had no effect in others. In a related study, 
marbling was not affected in response to pre-slaughter stress and excessive physical activity 
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(Romans et al., 1974). Agreeably, Berg and Butterfield (1976) found that cattle can reach a 
given carcass composition at a given weight over a reasonably wide range of plane of 
nutrition. 
Longissimus Muscle Area 
Using ribeye area as a predictive tool for quality grade is quite skeptical. Correlations 
between ultrasound of ribeye area and quality grade ranged from .13 to .26 over seven scan 
sessions with no visible trends. Actual longissimus dorsi area vs. USDA Quality Grade was 
equal to .06, suggesting the two may be almost entirely unrelated (Hamlin et al., 1995b). The 
fact that the simple correlations are positive seems to defy logic. Heavier muscled animals 
tend to be poorer quality grading, suggesting the cattle in the data set are abnormal. The 
increase in muscle area may be due directly to weight, or the correlation is from random 
chance alone. With the genetic progress being made in carcass quality, accounting for 
variation may become increasingly difficult when using a standard measure of muscle or 
cutability. 
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USING ULTRASOUND TO PREDICT BODY COMPOSITION CHANGES IN 
STEERS AT 100, 65, AND 30 DAYS BEFORE HARVEST 
A paper to be submitted to the Journal of Animal Science 
P. B. Wall, G. H. Rouse, D. E. Wilson, R. G. Tait, Jr., and W. D. Busby 
Abstract 
Steers from research breeding projects (n=404) were serially scanned using Real-
Time Ultrasound (RTU) at 35-day intervals from re-implant time until slaughter. Cattle were 
evaluated for rump fat depth, longissimus muscle area (REA), 12th rib fat thickness (FAT), 
and percent intramuscular fat (PF AT) to determine the predictability of carcass composition 
at extended periods before slaughter. Additional background information on the cattle, such 
as weight, gain, breed of sire, implant and frame score was also utilized. Carcass data was 
collected by trained personnel at "chain speed," and samples of the 121h rib longissimus 
muscle were taken for ether extract analysis to determine PFAT estimates. Simple 
correlation coefficients showed moderately high positive relationship between RTU 
measures taken less than 7 days before slaughter and carcass measures: REA (r = .66); FAT 
(r = .74); and PFAT (r = .61). Correlation coefficients for RTU measures taken 96-105 days 
before harvest and carcass values were: REA (r = .52); FAT (r = .58); and PFAT (r = .63). 
Regression equations were then developed for the carcass measurements; 46% of the 
variation could be explained for REA, 44% of rib fat and 46% of marbling at re-implant time. 
Age of the animal (p < .01) and frame score (p < .0001) were significant predictors of carcass 
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ribeye area. Rump fat (p< .0001) and PFAT (p< .01) were important predictors of carcass 
12th rib fat. Average daily gain was also important in the prediction of carcass marbling 
score (p< .01). Additional regressions at 61-69 days and 27-41 days before slaughter showed 
similar results, with R-squared values logically explaining more of the variation closer to the 
harvest date. Live ultrasound measure is a viable option for assessing carcass composition at 
re-implant time and predicting final quality and yield grades. 
Introduction 
Ultrasound has been utilized extensively in seedstock operations over the past decade, 
and is continuing to gain popularity. However, the feedlot sector has not followed the same 
trend. Scanning feedlot animals takes considerably more chute time than the typical 90-100 
head per hour pace that most commercial feedlots are accustomed to. Nevertheless, 
ultrasound in the feedlot is still not a new concept. 
Brethour (1990, 1992, 1994, 2000a, and 2000b) assessed marbling and backfat 
deposition in beef cattle at numerous stages of growth. It was known that carcass 
composition could be accurately predicted pre-slaughter, but its usefulness for animals that 
were already excessively fat was questionable. Predicting carcass composition from animals 
entering the feedlot as calves proved inaccurate, due to differences in pre-weaning 
environment (Brethour, 2000a). Rouse et al. (1992b, 1998, and 2000) used similar 
technology to predict carcass composition at various pre-slaughter points, finding that a 
chute-side application just prior to slaughter was feasible, but predicting carcass composition 
for extended periods before slaughter would require a more detailed model. 
The objective of this study was to develop ultrasound derived prediction equations for 
quality and yield grade at extended periods prior to slaughter. A second objective was to 
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investigate what period prior to harvest was the best time to scan feedlot animals. The final 
objective was to validate the prediction models in a commercial setting, testing their 
accuracy, usefulness, and practicality. 
Materials and Methods 
Data for this study were obtained from four hundred four crossbred feedlot steers 
over three years (2000, 2001, and 2002). Angus, Simmental, Red Angus, and Charolais 
breeds were represented in both sires and dams of these cattle. All steers were fed as calves 
and harvested at approximately 12-15 months of age based on marketability to a grid 
environment. Ultrasound information was utilized to make marketing decisions. 
The steers were serially scanned by a centralized ultrasound processing (CUP) 
certified field technician in 2000 and 2001 or an annual proficiency testing and certification 
(APTC) qualified technician in 2002. All images were interpreted by a certified lab 
technician at the Iowa State University Image Lab. These images were collected using the 
Classic Scanner 200 (Classic Medical Co., Tequesta, FL) equipped with a 3.5 Mhz 18cm. 
linear array transducer. 
Live animal ultrasound measurements recorded were: 1) live weight (held off feed 
overnight until after the scan session had taken place) (SCANWT), 2) subcutaneous fat 
thickness at the% position between the 12th and 13th ribs (UFAT), 3) longissimus dorsi 
muscle area between the 12th and 13th ribs (UREA), 4) subcutaneous fat depth over the 
termination point of the biceps femoris in the rump (reference point) (URFAT), and 5) 
percent intramuscular fat within the longissimus dorsi between the 12th and 13th ribs (PFAT). 
A cross-sectional image was taken between the 12th and 13th ribs to obtain UFAT and UREA 
measurements (Figure 1). A longitudinal image was collected for the URFAT measurement 
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by placing the transducer slightly above the line from the hooks to the pins perpendicular to 
the shaft of the ileum (Figure 2). Four independent longitudinal images were collected per 
animal by scanning laterally across the 12th and 13th ribs to obtain PFAT (Figure 3). 
Standard protocol for serially scanning the steers in this study was not developed. In 
2000, steers were only scanned once in February and once in May (one week prior to 
slaughter), and all were harvested within a 7-day window. The cattle from the latter two 
years were serially scanned once every 35 days from February to May (2001) or from 
January to May (2002). Along with this, steers from 2001and2002 were marketed at two 
slaughter dates. Hot carcass weight was predicted using a standard dressing percent. All 
steers approaching an unacceptable heavy carcass weight were marketed on the first 
slaughter date. In addition, steers that scanned into the Choice grade (over 4.0% 
intramuscular fat) or with excessive subcutaneous fat were also harvested on the first date. 
The remaining steers were fed an additional 30-35 days before slaughter. 
Data were grouped together based on the number of days from the scan date to the 
corresponding harvest date of each individual. Cattle from all three years were classified into 
a window of days from slaughter. The first group were steers scanned 96-105 days prior to 
harvest (n=228). The second group were steers ultrasonically measured 61-69 days prior to 
slaughter (n=254). The final group of cattle were scanned 27-41 days before harvest 
(n=252). As a result, some steers may be included in more than one group. 
Cattle were transported to commercial harvesting facilities, where routine carcass 
data was collected by trained individuals. Carcass measurements collected approximately 
24-48 hours post mortem were: 1) hot carcass weight (HCW), 2) subcutaneous fat thickness 
collected at the% position between the 12th and 13th ribs (CFAT), 3) area of the longissimus 
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dorsi between the lih and 13th ribs (CREA), 4) percent kidney, pelvic, and heart fat (KPH), 
and 5) marbling scores were called by a USDA grader (MARB). Fat thickness was only 
adjusted if an obvious deviation in fat thickness was noticeable at the measurement location 
due to excess fat removal from the hydraulic hide pulling machine. In these situations, the 
opposite side of the carcass was measured, or the fat depth was adjusted based on overall fat 
distribution of the carcass. USDA yield grade (CALCYG) was then calculated using the 
carcass measurements. 
Additional cattle background information was also utilized in this study. Percentage 
of Black Angus blood in the individual (PCT ANGUS), age of the animal from birth in days 
(AGE), hip height (HIPHT) (then converted to a frame score) (FRSCR), brand of implant 
administered (IMPLANT), and average daily gain (ADG) was known for each steer. Data 
was included as possible sources of variation in statistical analysis. All data were analyzed 
using CORR, STEPWISE, GLM, and MEANS procedures from version 8.1 of SAS (SAS 
Institute, Cary, NC). Simple correlation coefficients were calculated between carcass 
measurements and the corresponding ultrasound measure. All stepwise regression equations 
had SCANWT, UFAT, URFAT, UREA, PFAT, and all of the above mentioned background 
information as potential candidates for the final prediction model. Procedure GLM was then 
used to determine the best prediction equations. 
Results and Discussion 
Abbreviations for the measurements collected in this study are listed in Table 1. 
Simple statistics for the carcass data collected in 2000, 2001, and 2002 are listed in Tables 
2,3 and 4, respectively. It is not surprising that means across all three years are very similar. 
Not only did the steers come from the same farm each year, but also from a very similar 
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genetic base. Some cows and bulls produced multiple offspring in the dataset. All of the 
steers were bunk-fed in a confinement situation. Additionally, the steers were all double-
implanted, fed a typical, high-energy com-based diet, and marketed to a grid emphasizing 
quality grade. Thus, selection for a grid environment may have helped make the averages 
more uniform. In comparison, Greiner et al. (2003) observed standard deviations of 0.42cm, 
8.7cm2, and 0.73 in adjusted carcass 12-13th rib fat thickness, carcass ribeye area, and USDA 
Yield Grade, respectively, on a very genetically diverse set of cattle. Realini et al. (2001) 
reported comparable standard deviations on the same traits on 32 Hereford-sired steers 
(0.51cm, 7.6cm2, and 0.74). Logically, this more uniform set of steers showed a smaller 
standard deviation for USDA yield grade across three years (0.48, 0.47, and 0.43). 
Means, standard deviations, and ranges of live animal and carcass traits for each pre-
slaughter window are listed in Tables 5, 6, and 7. Obviously, cattle are heavier, fatter, have 
larger ultrasound ribeye areas, and more intramuscular fat as the slaughter date approaches. 
It is also interesting to note that the cattle in the 96-105 day window (Table 5) have slightly 
heavier HCW on average, and have larger CREA, but at virtually the same CFAT and 
MARB as the steers included in Tables 6 and 7. Many of these steers were fed longer and to 
heavier weights due to a poorer PFAT measure in combination with a lean measure of 
UFAT. As a result, marketing these steers to a specific grid situation may have skewed the 
data. However, the selection scheme was successful at increasing marbling scores in the 
longer fed steers, since MARB was nearly identical in all three scan windows. 
When compared to similar studies, standard deviation of the ultrasound and carcass 
data presented in this study can be biologically explained. The cattle included in Table 5 are 
all relatively lean, reporting a standard deviation in UFAT of 0.18cm. The genetic potential 
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for fat deposition becomes more evident as the cattle progress towards slaughter in Tables 6 
and 7. The mean rises, along with the standard deviation. Greiner et al. (2003) and Tait 
(2002) ultrasonically measured cattle within one week prior to slaughter, reporting standard 
deviations of 0.35cm and 0.32cm, respectively. Table 7 reports a standard deviation of 
0.24cm one month prior to slaughter. Not surprising, since these steers are a more uniform 
group of cattle. 
Simple correlation coefficients of live animal and carcass traits can be observed in 
Tables 8, 9, and 10. An identical set of tables presents the pre-slaughter scan information, 
when all steers were scanned within one week of the slaughter date. Consequently, cattle in 
Table 8 can be compared to Table 11, Table 9 to Table 12, and the cattle in Table 10 
correspond with Table 13. Many of the relationships found in these tables mirror other 
studies, but some correlations may be partially the result of marketing decisions designed to 
maximize profit on the cattle. For example, a historically declining market from April to 
June may have caused some steers to be sent to market earlier. The additional scan 
information told the producer more about each steer's quality than he would normally know. 
Table 8 lists the correlation coefficients for the steers scanned 96-105 days prior to 
slaughter. This may be the most interesting graph from a producer's standpoint, since the 
window is a popular time for re-implanting. However, if a producer uses month-to-month 
trends in market price to decide when to harvest his or her cattle, the 61-69 or 27-41 day 
scanning windows are also important. Since subcutaneous fat deposition drives the yield 
grade equation, it seems proper to start with that trait. UFAT showed surprisingly high 
positive relationship with CFAT and CALCYG (r=0.58 and r=0.51, respectively). As the 
cattle approached slaughter in Table 11, these correlations increased (r=0.74 and r=0.60, 
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respectively). The relationship had the same general upward trend in both sets of steers 
scanned two (Table 9) or one (Table 10) month before harvest. Along with this, UFAT was 
positively correlated to MARB and KPH three months before slaughter (r=0.38 and r=0.25, 
respectively). However, at the pre-harvest scan session, MARB had a lower correlation to 
UFAT (r=0.28). These results are consistent with Tait (2002), who reported pre-slaughter 
correlations of UFAT vs. CFAT, CALCYG, MARB, and KPH (r=0.68, r=0.61, r=0.32, and 
r=0.16, respectively). Many studies have tried to predict percent retail product from the four 
primal cuts rather than the subjective USDA yield grade score. Many researchers have found 
that ultrasound fat measurements are most strongly associated with percent retail product 
(Crouse and Dikeman, 1976; Abraham et al., 1980; and Greiner et al., 2003). USDA yield 
grade was quite strongly negatively correlated with percent retail product in studies by 
Herring et al. (1994) (r=-0.70) and Greiner et al. (2003) (r=-0.79). The results of this study 
appear to be consistent with past research, though percent retail product was not analyzed. 
The usefulness of a rump fat measurement in scanning for future carcass composition 
seemed questionable at the beginning of this study due to the added time it takes to collect 
the measurement. However, its usefulness in predicting CFAT at extended periods before 
slaughter seems almost imperative. The correlation of URFAT to CFAT rose only slightly 
from the 96-105 day scan window to the pre-harvest scan session (r=0.49 to r=0.53, 
respectively). Correlations listed in both the 65 and 30-day scan windows give consistent 
information (r=0.43 and 0.43, respectively). From a growth and development standpoint, 
rump fat is deposited much earlier than rib fat, but then levels off in the latter stages of the 
feeding period. However, it appears that cattle with more rump fat upon feedlot entry often 
end up with more subcutaneous rib fat at slaughter. Therefore, ignoring URFAT as a 
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measurement may be a gross error. Its predictive value at extended periods before slaughter 
needs to be further explored. Once again, this result is consistent with Tait (2002), who 
reported a similar pre-harvest correlation between URFAT and CFAT (r=0.54). Realini et al. 
(2001) found URFAT to be a significant predictor (P<0.05) of percentage and amount of fat 
in a carcass. 
USDA graders only have a few seconds to adjust yield grades according to the 
muscling of a carcass. Therefore, taking time to accurately trace an ultrasound ribeye image 
seems suspect. UREA is the most difficult measure to compare; one must remember that 
CREA is not perfectly accurate either. Correlations between UREA vs. CREA and HCW 
were similar with other studies, and only went up slightly at the pre-slaughter scan session 
(r=0.52 to 0.66 and r=0.57 to 0.62, respectively). A general upward trend was noticed in 
Tables 9 and 10 (r=0.56 and 0.59). On a larger more genetically diverse set of cattle, Greiner 
et al. (2003) found a stronger relationship (r=0.86). However, Tait (2002) reported similar 
results (r=0.56). 
The most exciting result from the ultrasound information is the correlation between 
PFAT and MARB. The relationship remained somewhat constant from 100 days before 
slaughter to just one week (r=0.63 to 0.61). The pre-slaughter correlation is very similar to 
that published by Tait (2002) (r=0.63). Results from the 61-69 and the 27-41 day scanning 
windows were consistent with all other scan sessions (r=0.62 and 0.62, respectively). The 
deposition of marbling appears to be linear over days of age (Figure 7), suggesting that a 
PF AT measurement at extended periods before harvest may as helpful as one taken much 
closer to the slaughter date. Brethour (2000b) also used a linear model to project marbling 
scores of beef calves. High quality ultrasound images are easier to obtain on leaner, younger 
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cattle. As a result, it may prove helpful to scan steers at re-implant time, while management 
changes in feeding and implanting can still be made. 
The only other measure involved in calculating USDA Yield Grade is HCW. From a 
prediction standpoint, it may also be useful to know which steers are still too light to sell, and 
which others may be approaching a heavy hot carcass weight dock. SCANWT showed the 
strongest increasing relationship to HCW at 100, 65, and 30 days before harvest (r=0.87, 
0.87, and 0.90, respectively). Pre-slaughter correlations were strong in Tables 11, 12, and 13 
(r=0.96, 0.95, and 0.95, respectively), consistent with Tait (2002), who reported a slightly 
weaker relationship (r=0.91). ADG, FRSCR, AGE, and HIPHT also showed moderately 
strong correlations to HCW (r=0.53, 0.48, 0.43, and 0.61, respectively). 
The additional HIPHT, AGE, FRSCR, and PCTANGUS information has questionable 
usefulness in a commercial setting. HIPHT is quite difficult to accurately measure, and often 
takes considerable time. In a commercial situation, accuracy of HIPHT may depend on an 
animal's disposition or the design of the facility. However, its positive relationship to HCW 
and CREA 100 days pre-harvest may prove beneficial in predicting carcass composition 
(r=0.61 and 0.45, respectively). Producers may need to simply classify steers as small, 
medium, or large framed if a more practical method of measuring HIPHT is not possible in 
their facility. 
When HIPHT is regressed with AGE (using the Beef Improvement Federation bull 
equation) to produce a FRSCR, its relationship to other measures seems to stay fairly 
constant, regardless of the scan session. In this data set, larger framed, Continental-based 
steers were consistently heavier muscled, leaner, later-maturing animals with lower marbling 
scores. The relationships between FRSCR and CREA, CFAT, and MARB illustrate these 
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trends in Table 8 (r=0.29, -0.26, and-0.14, respectively). No other studies were found to 
compare the results to, but one could expect that the relationships would be more extreme in 
a larger, more diverse set of cattle. 
PCT ANGUS is also data that is often not feasible when purchased cattle are not 
source verified. It shows little relationship to carcass traits in this data set, though may prove 
more useful on a larger population of feeder cattle. The positive correlation of PCT ANGUS 
to MARB (r=0.14) and negative relationship to CREA (r=-0.17) in Table 8 may be a function 
of selection. Some of the Angus sires and dams of these steers were known for their genetic 
potential for marbling, but were not selected for muscling. As well, progeny from the 
Angus-based parents were often marketed at a younger age, making CREA smaller than the 
average of the group. Brethour (2000b) used a linear model to project marbling scores in 
beef calves that also included PCTANGUS. 
Additional pre-slaughter correlation coefficients were reported for cattle scanned 61-
69 days and 27-41 days prior to harvest. Since the most interesting and alarming trends were 
noted earlier, these tables will not be discussed in great detail to refrain from redundancy. 
Stepwise regression was used to develop prediction equations for from live animal 
measures. Significance level for variables to enter a model was set at P<0.10. Significance 
level for variables to stay in a model was also set at P<0.10. A separate model for each of the 
scan windows was developed, starting with a model simulating "Source Verified" (SV) 
cattle, where AGE and breed composition (PCT ANGUS) was known. Other variables 
eligible for inclusion into stepwise regression equations included: SCANWT, UREA, UFAT, 
LFTK, URFAT, PFAT, ADG, HIPHT, and FRSCR. Since HIPHT and FRSCR information 
was not available on all of the cattle, a separate model was developed without using those 
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variables. In these models, the number of observations ("n," which is listed in each 
regression) subsequently increases. Finally, a model, which mirrors cattle purchased at an 
auction, was developed. These regressions, also known as "Non-source verified" (NSV) 
cattle, do not utilize AGE, HIPHT, FRSCR, or PCT ANGUS as possible variables. When 
none of the above mentioned variables were utilized by the stepwise regression, only one 
model was printed in the table. Environmental factors were intentionally not included in the 
regressions so these results can be utilized by others. To our knowledge, no equation exists 
in the literature that predicts USDA quality and yield grade from ultrasound information 
collected with this technology at extended periods before slaughter. 
Figure 4 shows the area of the longissimus dorsi muscle (UREA) vs. the live weight 
(SCANWT) of the steers in this data set. Though the variability of this trait seems to be 
relatively low by looking at the graph, predicting CREA with any accuracy proves much 
more difficult. Prediction models for CREA yielded the poorest R-squared values of any of 
the models in this study. Tables 14, 15, and 16 are the stepwise regression to predict CREA 
at 96-105, 61-69, and 27-41 days prior to harvest, respectively. UREA was the first variable 
to enter all SV models accounting for 27.7% (Table 14), 30.0% (Table 15), and 36.8% (Table 
16) of the variation. Ironically, HIPHT comes in next in all of the regressions, accounting for 
an additional 9.0%, 7.4%, and 4.4% of the variation, respectively. FRSCR was also included 
in the SV models, though not in the same order each time, with a partial regression 
coefficient of 0.060 (Table 14), 0.025 (Table 15), and 0.046 (Table 16). Marketing decisions 
may have played a role in other variables inclusion in the models. For instance, PFAT 
entered several regressions with a negative coefficient. Therefore, animals that scanned with 
more PF AT often had smaller CREA. However, animals that scanned into the Choice grade 
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(PF AT >4.0%) were sent to market earlier. Thus, these steers were usually lighter weight 
animals with logically smaller CREA. In the NSV regressions, UREA was still important, 
accounting for 27.5% (Table 14), 31.9% (Table15), and 35.3% (Table 16) of the variation. 
When FRSCR or HIPHT was not available, SCANWT surf aced in all three models, yielding 
an additional 3.8%, 1.9%, and 1.6% of the variation, respectively. Hamlin et al. (1995) also 
found weight to be a good predictor of muscling when performing regression of UREA on 
SCANWT in four different biological types of cattle (R2 from 0.65 to 0.78). 
Numerous studies have tested the usefulness of CREA in the USDA yield grade 
equation (Crouse et al., 1975 and Abraham et al., 1980). At extended periods before 
slaughter, the accuracy of projecting CREA is somewhat low. The Root Mean Squared Error 
(RMSE) for the SV 96-105 day prediction model is 6.00cm2. At two months prior to harvest, 
the RMSE drops to 5.52cm2, and then to 5.27 cm2 just one month before slaughter. Specific 
retail product driven grids require a minimum CREA to receive a premium, making a 
regression equation useful in those situations. However, USDA yield grade is not heavily 
influenced by ribeye area. Therefore, taking extra time chute-side to trace for UREA may 
not significantly help the final projection of USDA yield grade. 
Subcutaneous fat depth measured between the 12th and 13th ribs (UFAT) vs. live 
weight of the steers (SCANWT) is shown in Figure 5. The accretion of external fat best fits 
an exponential model. Thus, the natural log of 12th_13th rib fat thickness was used as a 
possible variable (LFTK). Likewise, Brethour (2000a) found exponential models best fit 
serial scans of backfat thickness, reporting aver strong final R 2 value (0.89). Tables 17, 18, 
and 19 list the stepwise regression to predict CFAT at 96-105, 61-69, and 27-41 days before 
harvest, respectively. LFTK was the first variable to enter the SV model at 100 days pre-
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slaughter (R2=0.347). However, UFAT was most important in both 65 and 30-day 
projections (R2=0.508 and 0.543, respectively). As the number of days before harvest 
decreases, the change in fat depth becomes less severe, logically making a log transformation 
unnecessary. URFAT was a significant predictor of CFAT in the SV models, especially at 
extended periods before slaughter, accounting for an additional 4.8% (Table I 7), 2.8% (Table 
I8), and 0.8% (Table I9) of the variation as animals near harvest. URFAT obviously 
becomes less important in the 30-day projection, since it is an early developing fat depot and 
CF AT change is less dramatic. HIPHT was also significant in SV cattle accounting for I. I% 
additional variation in the 100-day projection, 2.8% in the 65-day projection, and 5.I % in the 
30-day projection. Taller, later maturing steers have not yet reached the fattening phase of 
growth, explaining the negative coefficients and the increasing importance of HIPHT in the 
prediction models as cattle near slaughter. 
Since AGE and PCT ANGUS were not significant predictors when HIPHT and 
FRSCR were excluded, the NSV model is the only one that needs to be included in Tables I8 
and I9. AGE and PCTANGUS accounted for a small amount of variation in the 100-day 
projection of rib fat thickness so the model was included in Table I 7. In comparison, Hamlin 
et al. (I995) found AGE as a source of variation (P<0.05) for UREA and UFAT in five 
measurements in a serial scanning study. PFAT was significant in all NSV models 
accounting for 1.9% (Table I7), 0.8% (Table I8), and I.I% (Table I9) of the additional 
variation. The genetic relationship reported by the American Angus Association (2002) 
between subcutaneous fat and marbling was only 0.04, with the phenotypic relationship only 
slightly higher at O. I6. With the current trend to increase PFAT and retail product on the 
same animal, the usefulness of PFAT in predicting CFAT may need to be revalidated. 
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Accuracy of predicting CF AT is very important with its influence on the USDA yield 
grade equation. Fortunately, validation of these models was very encouraging. At 96-105 
days prior to harvest, the RMSE of the SV model is only 0.20cm, dropping to 0.17cm 61-69 
days pre-slaughter, and falling slightly to 0.16cm 27-41 days before slaughter. 
Encouragingly, the error in prediction of CFAT three months before harvest is only 
minimally greater than the error just one month prior to harvest. Brethour (2000a) found that 
accuracy improved if cattle were given time on feed when projecting number of days to reach 
lOmm of CFAT. Evaluation 90 days before harvest to predict days to lOmm backfat 
produced a model accounting for 65% of the variation, with an average error of 33 days. At 
43 days before slaughter, the R2 value rose slightly to 0.70, but the average error was still 25 
days. 
HCW projections are easily the most accurate, due to the relatively small amount of 
variation in dressing percent among beef feedlot steers in the midwest. Many variables are 
significant in the projection of HCW, but few account for a large amount of additional 
variation other than SCANWT. Model R2 values for SV cattle are not substantially better 
than those produced with NSV cattle. As a result, focus will be placed on the simpler, more 
robust NSV models. SCANWT accounted for 75.8% of the variation 100 days pre-slaughter, 
75.9% 65 days pre-harvest, and 81.5% just 30 days before slaughter. ADG was also 
significant, accounting for 0.8%, 2.4%, and 1.0% additional variation as cattle neared 
harvest. A negative coefficient for both ADG and URFAT in the models may seem to defy 
logic. Logically, a faster gaining, fatter carcass should produce a heavier HCW. Once again, 
selection may have played a role. Those steers with high ADG were sent on the first kill date 
to avoid a heavy HCW dock. As well, those steers with substantial URFAT deposits early in 
51 
the feeding period were often smaller, lighter weight steers that were fatter in the end. Thus, 
those steers were sent on the first kill date as well to avoid the possibility of a USDA yield 
grade 4, indirectly producing a lighter HCW. 
Good management can help eliminate HCW docks, but a measure of carcass weight is 
still necessary in predicting USDA yield grade. At extended periods before slaughter, 
accurately knowing final HCW on an individual steer may change the way a producer feeds 
and/or implants a steer. Extremely lean, poor marbling cattle may produce alarmingly heavy 
carcasses if the decision is made to implant aggressively on a high-energy ration, but a more 
detailed model may be needed. Stepwise regression to predict HCW at 100 days before 
slaughter produced a RMSE of 13.88kg, falling to 10.86 kg at 65 days, and 9.34kg at 30 
days; certainly accurate enough to identify steers which may receive a light or heavy HCW 
dock. 
Most grid environments only offer premiums and discounts for yield grade and 
quality grade, making a collective prediction of USDA yield grade imperative. One could 
calculate a yield grade from the previous projections, but only if a standard KPH was used. 
LFTK was the first variable entered in each SV model accounting for 26.3%, 36.3%, and 
32.4% of the variation 100, 65, and 30 days before slaughter, respectively. Just one week 
before slaughter, Tait (2002) found UFAT to account for 30% of the variation in percent 
retail product from the four primals. In this study, the addition of UREA, SCANWT, 
HIPHT, and FRSCR added an additional 15.3% of the variation in the three-month 
projection. Note PFAT was included as a source of variation 27-41 days pre-harvest, 
accounting for 3.7% of the variation in yield grade in SV cattle. Using ultrasound 
information within one week of slaughter, Crouse and Dikeman (1975) and Tait (2002) found 
52 
PFAT to be useful in the prediction of percent retail product. The USDA yield grade 
equation is an attempt at predicting percent retail product from the four primals. Therefore, 
most studies choose to predict the quantitative retail product trait rather than the subjective 
USDA score. 
A measure of carcass muscling, UREA, entered NSV models, accounting for 4.5% 
(Table 23), 2.5% (Table 24), and 2.2% (Table 25) additional variation as cattle progressed 
towards harvest. SCANWT also entered all projections, reporting a partial regression 
coefficient of 0.014 one month before slaughter, rising to 0.052 in the two-month projection 
of NSV cattle. Comparatively, Tait (2002) reported a prediction of percent retail product 
from the four primals, which included UFAT, UREA, SCANWT, and PFAT as sources of 
variation (R2=0.49). Also within one week of slaughter, Greiner et al. (2003) included 
UFAT, URFAT, UREA, SCANWT and ultrasound of body wall thickness to achieve R2 
values of 0.61 and 0.67. 
Testing accuracy of a subjective measure like USDA yield grade can be extremely 
difficult. Human error and bias in a commercial packing plant is hard to account for. As a 
result, this study tries to project yield grade calculated from carcass measurements taken at 
the time the USDA grader stamps the cattle (CALCYG). Prediction of CALCYG three 
months before harvest boasts a RMSE of 0.36, with error only decreasing to 0.33 for both 30 
and 65-day projection models. It is encouraging that error is similar for all three projection 
models. As well, RMSE around one-third of a yield grade is very comparable to USDA 
grader's subjective interpretation of yield grades at line speed. 
The historical myth of the beef industry has been the assumption that feeding steers 
longer will produce Choice beef. This myth has cost the cattle feeding industry thousands of 
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dollars yearly. Figures 6 and 7 show PFAT vs. SCANWT and AGE, respectively. At over 
400 days of age and at over 590 kg (1300 lbs.), several steers still do not grade Choice (over 
4.0% PFAT). These graphs prove that additional days-on-feed or increasing live weight will 
not always make cattle Choice. This method more often results in poor feed efficiency, more 
HCW docks, and excessively fat cattle. 
Stepwise regressions to predict MARB at 96-105, 61-69, and 27-41 days before 
harvest are listed in Tables 26, 27, and 28. Surprisingly, very few variables entered the 
projection of MARB at any extended period before slaughter. Obviously, PFAT was most 
important, accounting for 39.3%, 42.7%, and 38.5% of the variation in the 100, 65, and 30-
day projections, respectively. LFTK was included next accounting for an additional 4.9%, 
3.9%, and 6.0% of the variation. With few significant sources of variation, accurately 
projecting marbling scores in a commercial feedlot facility seems very possible. A similar 
model by Brethour (2000b) projects marbling using AGE, PCT ANGUS, and the initial 
ultrasound marbling estimate. 
The accuracy of predicting MARB should be more important to the producer than the 
speed at which the data can be collected. Fortunately, the RMSE for a 100-day projection of 
MARB is 0.66 marbling score degrees. At two months pre-harvest, the RMSE falls to 0.56 
marbling score units, and is a very similar 0.55 just one month prior to slaughter. Brethour 
(2000b) reported a relative accuracy of 76 to 78% in predicting carcass marbling within one-
third of a USDA quality grade. When a power function model was used, cattle that entered 
with low traces of marbling (Standard00) usually failed to become Choice within feeding 
periods of up to 200 days (Brethour, 2000a). A linear model, like the one used in this study, 
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may tend to regress animals closer to the data set mean. Extensive field testing needs to be 
performed to assess the error and bias of a commercial model. 
Similar to the prediction of USDA yield grade, "accuracy" and acceptability of a 
prediction model is extremely hard to define. The comparison to the yield grades and 
marbling scores called by the USDA grader is by no means "actual," due to natural human 
error. As a result, a group of 63 genetically similar British x Continental crossbred steers 
were scanned at the Iowa State University Allee Research Farm 95 days prior to harvest to 
test the accuracy of the prediction models. USDA Yield Grade was calculated from carcass 
data and compared with the prediction model for yield grade. The raw mean for yield grade 
across all 63 head from the carcass data was 2.66; the prediction model produced an average 
value of 2.60. The average USDA marbling score was 5.70 (Small 70); the mean value from 
the prediction model for marbling was 5.77 (Small 77). The prediction models were also 
validated on an individual basis. Seven of the sixty-three steers were stamped USDA Select 
(4.00-4.99). Using the prediction model for marbling, six of those seven steers projected 
marbling scores below 5.10, borderline between Low Choice and High Select. The USDA 
yield grade prediction model was also tested on an individual level. Three steers calculated 
USDA yield grades greater than 3.90 from the carcass measures collected. Those same three 
individuals were projected to have USDA yield grades greater than 3.90 when the prediction 
model for yield grade was used. One steer actually stamped a USDA yield grade of 4 at 
chain speed, the other two steers received a USDA yield grade of 3. 
Implications 
These prediction models prove that the use of ultrasound in the beef industry should 
not be exclusively for genetic improvement in seedstock operations. Value-based markets 
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pay premiums to those producers who can deliver a specific, consistent product, but punishes 
those who cannot. Ultrasound in the feedlot may offer a unique opportunity; it can help the 
producer recognize which grid environment offers the most profit potential. More 
importantly, scanning feedlot cattle at extended periods before harvest still allows sufficient 
time to make crucial management decisions and reduce unnecessary carcass discounts. 
Unfortunately, this study is only the first step to finding a universal system. Developing 
prediction models that are sensitive to differences in genetics, facilities, resources, and 
management will require a much more extensive series of studies. If the "average" steer in 
this data set is scanned at re-implant time and fed an additional 100 days, a producer could 
expect a .35cm increase in subcutaneous fat, a 17 .2cm2 increase in ribeye area, and a 1.06% 
increase in percent intramuscular fat, while gaining l.54kg per day. 
Literature Cited 
Abraham, H. C., C. E. Murphy, H. R. Gross, G. C. Smith, and W. J. Franks, Jr. 1980. 
Factors affecting beef carcass cutability: an evaluation of the USDA yield grades for 
beef. J. Anim. Sci. 50:841-851. 
American Angus Association. 2002. Spring 2002 Sire Evaluation Report. American Angus 
Association. St. Joseph, MO. 
Brethour, J. R. 1990. Relationship of the ultrasound speckle to marbling score in cattle. J. 
Anim. Sci. 68:2603-2613. 
Brethour, J. R. 1992. The repeatability and accuracy of ultrasound in measuring backfat in 
cattle. J. Anim. Sci. 70:1039-1044. 
Brethour, J. R. 1994. Estimating marbling score in live cattle from ultrasound images using 
pattern recognition and neural network procedures. J. Anim. Sci. 72:1425-1432. 
Brethour, J. R. 2000a. Using serial ultrasound measures to generate models of marbling and 
backfat thickness changes in feedlot cattle. J. Anim. Sci. 78:2055-2061. 
56 
Brethour, J. R. 2000b. Using receiver operating characteristic analysis to evaluate the 
accuracy in predicting future quality grade from ultrasound marbling estimates on 
beef calves. J. Anim. Sci. 78:2263-2268. 
Crouse, J. D., M. E. Dikeman, R. M. Koch, and C. E. Murphy. 1975. Evaluation of traits in 
the USDA yield grade equation for prediction beef carcass cutability in breed groups 
differing in growth and fattening characteristics. J. Anim. Sci. 41:548-553. 
Crouse, J. D. and M. E. Dikeman. 1976. Determinates of retail product of carcass beef. J. 
Anim. Sci. 42:584-591. 
Greiner, S. P. 1997. The use of real-time ultrasound and live animal measurements to predict 
carcass composition in beef cattle. Ph.D. Thesis. Iowa State Univ., Ames. 
Greiner, S.P., G.H. Rouse, D.E. Wilson, L.V. Cundiff, and T.L Wheeler. 2003a. Accuracy of 
predicting weight and percentage of beef carcass retail product using ultrasound and 
live animal measures. J. Anim. Sci. 81:466-473. 
Greiner, S.P., G.H. Rouse, D.E.Wilson, L.V. Cundiff, and T.L. Wheeler. 2003b. The 
relationship between ultrasound measurements and carcass fat thickness and 
longissimus muscle area in beef cattle. J. Anim. Sci. 81:676-682. 
Hamlin, K. E., R. D. Green, T. L. Perkins, L. V. Cundiff, and M. F. Miller. 1995. Real-time 
ultrasonic measurement of fat thickness and longissimus muscle area: I. Description 
of age and weight effects. J. Anim. Sci. 73:1713-1724. 
Herring, W. 0., D. C. Miller, J. K. Bertrand, and L. L. Benyshek. 1994. Evaluation of 
machine, technician, and interpreter effects on ultrasonic measures of backf at and 
longissimus muscle area in beef cattle. J. Anim. Sci. 72:2216-2226. 
Realini, C. E., R. E. Williams, T. D. Pringle, and J. K. Bertrand. 2001. Gluteus medius and 
rump fat depths as additional live animal ultrasound measurements for predicting 
retail product and trimmable fat in beef carcasses. J. Anim. Sci. 79: 1378-1385. 
Rouse, G., D. Wilson, D. Duello, and B. Reiling. 1992. The accuracy of real-time 
ultrasound scans taken serially on small-, medium-, and large-framed steers and 
bulls slaughtered at three endpoints. 1992 Iowa State Univ. Beef and Sheep Res. 
Rep. A.S. Leaflet R896. 
Rouse, G., V. Amin, B. Punt, S. Greiner, and D. Wilson. 1998. Chute-side application of 
real-time ultrasound for feedlot cattle marketing - a pilot project. Iowa State Univ. 
Anim. Sci. Leaflet R1533, Ames. 
57 
Rouse, G., S.Greiner, D. Wilson, C. Hays, J. R. Tait, and A. Hassen. 2000. The Use of 
real-time ultrasound to predict live feedlot cattle carcass value. Iowa State Univ. 
Anim. Sci. Leaflet R1731, Ames. 
Tait, R. G. 2002. Prediction of retail product and trimmable fat in beef cattle using ultrasound 
or carcass data. M.S. Thesis. Iowa State Univ., Ames. 
58 
Table 1. Abbreviations of traits used 
Trait Definition 
Live animal measurements 
UFAT, cm Ultrasound of rib fat thickness between the 12th and 13th ribs 
UREA, cm2 Ultrasound of ribeye area between the 12th and 13th ribs 
URFAT, cm Ultrasound of rump fat depth taken at the reference point 
UPFAT, % Ultrasound of predicted percent intramuscular fat 
SCANWT, kg Live weight of the animal (held off feed overnight until after scan session) 
ADG, kg/day Average daily gain (taken from feedlot entry weight to scanning weight) 
FRSCR Frame score of the animal on scanning date (using the BIF bull equation) 
AGE, days Age of the animal from birth date to scanning date 
HIPHT, cm Height of the animal at the hip on the scanning date 
HVSTAGE, days Age of the animal from birth date to slaughter date 
PCTANGUS, % Percentage of Angus blood in the animal's pedigree 
LFTK Natural log of 12th-13th rib fat thickness 
Carcass Measurements 
CFAT, cm Carcass 12th-13th rib fat thickness 
CREA, cm2 Carcass 12th-13th ribeye area 
KPH,% Percent kidney, pelvic, and heart fat 
HCW, kg Hot carcass weight 
MARBa Numeric marbling score as called by USDA grader 
CALCYG Calculated USDA yield grade based on carcass measurements 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 2. Simple Statistics for data collected in 2000 
Trait N Mean SD Minimum Maximum 
Carcass measurements 
HCW, kg 150 350 31.37 264 436 
CFAT,cm 150 1.11 0.27 0.51 2.03 
CREA, cm2 150 84.1 8.26 59.4 105.2 
MARBa 150 5.77 0.96 3.80 8.40 
KPH, % 150 2.33 0.44 1.0 3.5 
CALCYG 150 2.82 0.48 1.62 4.16 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 3. Simple Statistics for data collected in 2001 
Trait N Mean SD Minimum Maximum 
Carcass measurements 
HCW, kg 117 340 28.77 267 410 
CFAT,cm 117 1.01 0.29 0.25 2.03 
CREA, cm2 117 83.0 7.50 64.5 102.6 
MAR Ba 117 5.62 0.99 3.80 9.20 
KPH, % 117 2.08 0.24 1.5 2.5 
CALCYG 117 2.64 0.47 1.48 4.38 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 4. Simple Statistics for data collected in 2002 
Trait N Mean SD Minimum Maximum 
Carcass measurements 
HCW, kg 139 335 25.23 268 388 
CFAT, cm 139 1.10 0.26 0.51 1.78 
CREA, cm2 139 77.7 6.15 58.7 100.0 
MARBa 139 5.61 0.78 3.90 9.50 
KPH, % 139 2.28 0.37 1.0 3.0 
CALCYG 139 2.99 0.43 2.07 3.95 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 5. SimQle Statistics for data collected 96-105 da~s Qrior to slaughter 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
SCANWT, kg 227 352 37.52 254 476 
UFAT, cm 227 0.70 0.18 0.20 1.24 
UREA, cm2 226 67.2 6.75 47.7 85.2 
UPFAT,% 227 3.87 0.91 2.02 8.01 
URFAT, cm 227 0.64 0.21 0.18 1.37 
ADG, kg/day 228 1.59 0.26 0.24 2.74 
HVSTAGE, days 227 398 18.02 350 435 
FRSCR 225 6.12 0.81 3.73 7.98 
AGE, days 227 298 18.12 253 339 
HIPHT, cm 225 131.35 4.61 119.51 141.61 
PCTANGUS, % 227 40.8 19.78 0 75 
Carcass measurements 
HCW, kg 227 347 31.10 267 436 
CFAT, cm 227 1.07 0.26 0.25 2.03 
CREA, cm2 227 82.7 8.01 64.5 105.2 
MAR Ba 227 5.63 0.89 3.90 8.40 
KPH,% 227 2.30 0.39 1.0 3.5 
CALCYG 227 2.82 0.47 1.48 4.16 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
Table 6. SimQle Statistics for data collected 61-69 da~s Qrior to slaughter 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
SCANWT, kg 254 382 31.86 299 472 
UFAT, cm 254 0.85 0.22 0.33 1.57 
UREA, cm2 253 71.2 6.77 56.1 91.6 
UPFAT,% 254 4.18 0.94 2.53 7.19 
URFAT, cm 254 0.69 0.19 0.23 1.42 
ADG, kg/day 253 1.64 0.21 1.06 2.38 
HVSTAGE, days 254 384 20.28 328 435 
FRSCR 177 6.28 0.72 4.42 7.98 
AGE, days 254 321 20.10 265 373 
HIPHT, cm 177 130.98 4.26 120.65 141.61 
PCTANGUS, % 254 48.8 18.32 0 75 
Carcass measurements 
HCW, kg 254 338 26.7 267 410 
CFAT, cm 254 1.06 0.27 0.25 2.03 
CREA, cm2 254 80.2 7.26 58.7 102.6 
MAR Ba 254 5.61 0.88 3.80 9.50 
KPH,% 254 2.19 0.32 1.0 3.0 
CALCYG 254 2.83 0.48 1.48 4.38 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 7. Sim12le Statistics for data collected 27-41 days 12rior to slaughter 
Trait N Mean SD Minimum Maximum 
Live animal measurements 
SCANWT, kg 252 490 38.84 374 587 
UFAT, cm 252 0.93 0.24 0.36 1.80 
UREA, cm2 251 76.5 7.59 56.1 100.0 
UPFAT, % 252 4.44 1.01 2.35 8.71 
URFAT, cm 252 0.76 0.22 0.18 1.45 
ADG, kg/day 252 1.64 0.18 1.06 2.24 
HVSTAGE, days 252 384 20.23 328 435 
FRSCR 175 6.28 0.72 4.42 7.98 
AGE, days 252 350 19.18 293 395 
HIPHT,cm 175 131.02 4.26 120.65 141.61 
PCTANGUS, % 252 48.6 18.25 0 75 
Carcass measurements 
HCW, kg 252 338 26.63 267 410 
CFAT, cm 252 1.06 0.27 0.25 2.03 
CREA, cm2 252 80.2 7.28 58.7 102.6 
MAR Ba 252 5.60 0.87 3.80 9.50 
KPH,% 252 2.19 0.32 1.0 3.0 
CALCYG 252 2.83 0.47 1.48 4.38 
a Traces00=3.00, Slight00=4.00, Small00=5.00, Modest00=6.00, Moderate00=7.00 
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Table 8. Simple Correlation Coefficients for Carcass vs. Ultrasound traits 
at 96-105 days 1;2rior to slaughter 
Triat HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.46*** 0.07 0.14* 0.32 0.05 0.04 
UR FAT 0.16* 0.20** 0.13 -0.04 0.49*** 0.41 *** 
UFAT 0.21 ** 0.38*** 0.25*** -0.04 0.58*** 0.51*** 
UREA 0.57*** 0.03 0.23*** 0.52*** 0.03 -0.07 
PFAT 0.03 0.63*** 0.12 0.01 0.28*** 0.18** 
SCAN WT 0.87*** 0.21 ** 0.29*** 0.46*** 0.19** 0.24*** 
ADG 0.53*** 0.23*** 0.15* 0.20** 0.19** 0.25*** 
FRSCR 0.48*** -0.14* -0.03 0.29*** -0.26*** -0.13* 
AGE 0.43*** 0.02 0.13 0.28*** 0.01 0.03 
HIPHT 0.61 *** -0.09 -0.01 0.45*** -0.21 ** -0.16* 
PCT ANGUS -0.13 0.14* -0.003 -0.17* -0.05 0.04 




Table 9. Simple Correlation Coefficients for Carcass vs. Ultrasound traits 
at 61-69 days 1;2rior to slaughter 
Triat HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.37*** -0.07 0.13* 0.30*** -0.11 -0.10 
URFAT 0.10 0.14* 0.10 -0.04 0.43*** 0.34*** 
UFAT -0.02 0.35*** 0.02 -0.12 0.63*** 0.44*** 
UREA 0.51*** -0.06 0.20** 0.56*** -0.03 -0.18** 
PFAT -0.20** 0.62*** -0.06 -0.26*** 0.26*** 0.24*** 
SCANWT 0.87*** -0.04 0.21 *** 0.37*** -0.03 0.14* 
ADG 0.38*** 0.08 0.04 0.12 0.12 0.16* 
FRSCR 0.47*** -0.18* -0.06 0.24** -0.26*** -0.10 
AGE 0.38*** -0.06 0.07 0.34*** -0.11 -0.14* 
HIPHT 0.57*** -0.02** -0.10 0.39*** -0.29*** -0.18* 
PCTANGUS -0.06 0.18** 0.06 -0.11 0.17** 0.16** 





Table 10. Simple Correlation Coefficients for Carcass vs. Ultrasound traits 
at 27-41 days Qrior to slaughter 
Triat HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.37*** -0.07 0.12* 0.30*** -0.12* -0.11 * 
URFAT 0.04 0.24*** 0.03 -0.08 0.43*** 0.32*** 
UFAT 0.03 0.38*** 0.09 -0.08 0.69*** 0.47*** 
UREA 0.60*** 0.04 0.22*** 0.59*** 0.05 -0.11 
PFAT -0.27*** 0.62*** -0.002 -0.26*** 0.32*** 0.25*** 
SCAN WT 0.90*** -0.01 0.12 0.43*** -0.09 0.06 
ADG 0.54*** 0.05 -0.03 0.27*** 0.02 0.06 
FRSCR 0.46*** -0.17* -0.07 0.24** -0.27*** -0.11 
AGE 0.36*** -0.02 0.04 0.34*** -0.12* -0.16* 
HIPHT 0.56*** -0.20** -0.10 0.39*** -0.31 *** -0.20** 
PCT ANGUS -0.04 0.17** 0.07 -0.10 0.19** 0.17** 





Table 11. Simple Correlation Coefficients for Carcass Data vs. Pre-Slaughter 
Ultrasound Data from Cattle scanned in the "96-105 day" window 
Tri at HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.46*** 0.07 0.14* 0.32*** 0.05 0.04 
URFAT 0.14* 0.17* 0.19** -0.11 0.53*** 0.49*** 
UFAT 0.22*** 0.28*** 0.27*** -0.03 0.74*** 0.60*** 
UREA 0.62*** 0.02 0.17* 0.66*** 0.09 -0.13* 
PFAT -0.06 0.61 *** 0.17** -0.15* 0.31*** 0.30*** 
SCAN WT 0.96*** 0.12 0.21 ** 0.53*** 0.10 0.17* 
ADG 0.53*** 0.23*** 0.15* 0.20** 0.19** 0.25*** 
FRSCR 0.48*** -0.14* -0.03 0.29*** -0.26*** -0.13* 
AGE 0.45*** 0.06 0.15* 0.31*** 0.04 0.04 
HIPHT 0.61*** -0.09 -0.01 0.45*** -0.21 ** -0.16* 
PCT ANGUS -0.13 0.14* -0.003 -0.17* -0.05 0.04 




Table 12. Simple Correlation Coefficients for Carcass Data vs. Pre-Slaughter 
Ultrasound Data from Cattle scanned in the "61-69 day" window 
Triat HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.37*** -0.07 0.13* 0.30*** -0.11 -0.10 
URFAT 0.06 0.20** 0.21 ** -0.10 0.38*** 0.35*** 
UFAT 0.06 0.34*** 0.13* -0.07 0.70*** 0.50*** 
UREA 0.61*** -0.06 0.25*** 0.60*** -0.01 -0.14* 
PFAT -0.16* 0.70*** 0.12 -0.26*** 0.33*** 0.33*** 
SCANWT 0.95*** -0.10 0.19** 0.44*** -0.12 0.07 
ADG 0.38*** 0.08 0.04 0.12 0.12 0.16* 
FRSCR 0.47*** -0.18* -0.06 0.24** -0.26*** -0.10 
AGE 0.37*** -0.08 0.13* 0.30*** -0.12 -0.10 
HIPHT 0.57*** -0.20** -0.10 0.39*** -0.29*** -0.18* 
PCT ANGUS -0.06 0.18** 0.06 -0.11 0.17** 0.16** 





Table 13. Simple Correlation Coefficients for Carcass Data vs. Pre-Slaughter 
Ultrasound Data from Cattle scanned in the "27-41 da~" window 
Triat HCW MAR Ba KPH CREA CFAT CALCYG 
HVSTAGE 0.37*** -0.07 0.12 0.30*** -0.12* -0.11 
URFAT 0.05 0.20** 0.20** -0.11 0.38*** 0.35*** 
UFAT 0.05 0.34*** 0.13* -0.08 0.70*** 0.49*** 
UREA 0.61*** -0.05 0.25*** 0.60*** -0.01 -0.14* 
PFAT -0.15* 0.70*** 0.13* -0.26*** 0.34*** 0.34*** 
SCANWT 0.95*** -0.08 0.19** 0.44*** -0.12 0.07 
ADG 0.54*** 0.05 -0.03 0.27*** 0.02 0.06 
FRSCR 0.46*** -0.17* -0.07 0.24** -0.27*** -0.11 
AGE 0.36*** -0.08 0.13* 0.30*** -0.13* -0.11 
HIPHT 0.56*** -0.20** -0.10 0.39*** -0.31 *** -0.20** 
PCT ANG US -0.04 0.17** 0.07 -0.10 0.19** 0.17** 





Table 14. Stepwise regression to predict REA at 96-105 days 
prior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 























Without Hip Height and Frame Score (n=226) 
Intercept 30.746 
UREA 0.431 
2 SCAN WT 0.088 
3 LFTK -5.013 
4 ADG -6.409 
Non-Source Verified (n=226) 
Intercept 36.009 
UREA 0.441 
2 SCAN WT 0.075 
































Table 15. Stepwise regression to predict REA at 61-69 days 
prior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=176) 
Intercept -55.813 
1 UREA 0.449 <.0001 0.300 0.300 
2 HIPHT 1.004 <.0001 0.074 0.374 
3 PFAT -1.097 0.0022 0.033 0.407 
4 FRSCR -3.900 0.0071 0.025 0.432 
5 LFTK -3.272 0.0477 0.013 0.445 
Without Hip Height and Frame Score (n=253) 
Intercept 18.626 
1 UREA 0.502 <.0001 0.319 0.319 
2 AGE 0.074 0.0003 0.035 0.354 
3 PFAT -1.035 0.0104 0.017 0.371 
4 ADG 3.916 0.0306 0.012 0.383 
Non-Source Verified (n=253) 
Intercept 28.450 
1 UREA 0.527 <.0001 0.319 0.319 
2 SCA NWT 0.036 0.0086 0.019 0.337 
3 LFTK -2.763 0.0416 0.011 0.348 
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Table 16. Stepwise regression to predict REA at 27-41 days 
prior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 




















Without Hip Height and Frame Score (n=251) 
Intercept 14.098 
1 UREA 0.454 <.0001 
2 AGE 0.075 0.0033 
3 ADG 6.878 0.0147 
4 UFAT -3.226 0.0425 
5 PFAT -0.738 0.0801 
Non-Source Verified (n=251) 
Intercept 31.305 
1 UREA 0.498 <.0001 
2 SCANWT 0.030 0.0139 






























Table 17. Stepwise regression to predict 1ih Rib Fat at 96-105 
days 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=224) 
Intercept 1.860 
1 LFTK 0.404 <.0001 0.347 0.347 
2 URFAT 0.275 <.0001 0.048 0.395 
3 PFAT 0.037 0.0078 0.019 0.414 
4 HIPHT -0.009 0.0403 0.011 0.425 
5 ADG 0.145 0.0425 0.011 0.436 
6 PCT ANGUS -0.001 0.0897 0.007 0.444 
Without Hip Height and Frame Score (n=226) 
Intercept 1.455 
1 LFTK 0.450 <.0001 0.347 0.347 
2 URFAT 0.295 <.0001 0.049 0.397 
3 PFAT 0.044 0.0079 0.019 0.416 
4 AGE -0.002 0.0620 0.009 0.425 
5 PCT ANGUS -0.001 0.0666 0.009 0.433 
Non-Source Verified (n=226) 
Intercept 0.863 
1 LFTK 0.413 <.0001 0.347 0.347 
2 URFAT 0.324 <.0001 0.049 0.397 
3 PFAT 0.041 0.0079 0.019 0.416 
Table 18. Stepwise regression to predict 121h Rib Fat at 61-69 days 
12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 















Non-Source Verified (n=253) 
Intercept 0.863 
1 LFTK 0.413 
2 URFAT 0.324 























Table 19. Stepwise regression to predict 121h Rib Fat at 27-41 days 
prior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 















Non-Source Verified (n=251) 
Intercept 0.531 
1 UFAT 0.694 
2 SCANWT -0.001 
3 UREA 0.005 
4 PFAT 0.029 





























Table 20. Stepwise regression to predict Hot Carcass Weight at 
96-105 da~s 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=224) 
Intercept -78.071 
1 SCAN WT 0.636 <.0001 0.757 0.757 
2 HIPHT 1.400 <.0001 0.035 0.792 
3 UREA 0.435 0.0074 0.007 0.798 
4 PCT ANGUS 0.114 0.0458 0.004 0.802 
5 ADG -10.812 0.0868 0.003 0.805 
Without Hip Height and Frame Score (n=226) 
Intercept 80.060 
1 SCANWT 0.775 <.0001 0.758 0.758 
2 URFAT -12.166 0.0076 0.008 0.766 
3 ADG -16.439 0.0160 0.006 0.772 
4 PCT ANGUS 0.102 0.0504 0.004 0.776 
5 UREA 0.349 0.0580 0.004 0.779 
Non-Source Verified (n=226) 
Intercept 87.409 
1 SCANWT 0.756 <.0001 0.758 0.758 
2 URFAT -12.363 0.0076 0.008 0.766 
3 ADG -14.288 0.0160 0.006 0.772 
4 UREA 0.350 0.0592 0.004 0.776 
Table 21. Stepwise regression to predict Hot Carcass Weight at 
61-69 da~s 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=176) 
Intercept 16.252 
1 SCANWT 0.810 <.0001 0.829 0.829 
2 PCT ANGUS 0.192 0.0007 0.011 0.840 
3 ADG -14.935 0.0010 0.010 0.850 
4 UREA 0.376 0.0086 0.006 0.856 
Without Hip Height and Frame Score (n=253) 
Intercept 54.113 
1 SCANWT 0.833 <.0001 0.759 0.759 
2 ADG -29.035 <.0001 0.024 0.783 
3 UREA 0.515 0.0001 0.013 0.796 
4 PCT ANGUS 0.154 0.0003 0.011 0.806 
5 URFAT -7.620 0.0670 0.003 0.809 
6 AGE -0.083 0.0947 0.002 0.811 
Non-Source Verified (n=253) 
Intercept 44.288 
1 SCANWT 0.763 <.0001 0.759 0.759 
2 ADG -20.953 <.0001 0.024 0.783 
3 UREA 0.505 0.0001 0.013 0.796 
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Table 22. Stepwise regression to predict Hot Carcass Weight at 
27 -41 da:is 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=174) 
Intercept 6.901 
1 SCANWT 0.656 <.0001 0.856 0.856 
2 UREA 0.516 <.0001 0.018 0.878 
3 ADG -20.255 0.0045 0.006 0.883 
4 PCT ANGUS 0.151 0.0002 0.009 0.892 
Without Hip Height and Frame Score (n=251) 
Intercept 21.850 
1 SCANWT 0.652 <.0001 0.815 0.815 
2 UREA 0.454 <.0001 0.017 0.832 
3 ADG -22.359 <.0001 0.010 0.842 
4 PCT ANGUS 0.107 0.0124 0.004 0.846 
5 URFAT -8.479 0.0062 0.005 0.851 
Non-Source Verified (n=251) 
Intercept 28.172 
1 SCANWT 0.636 <.0001 0.815 0.815 
2 UREA 0.474 <.0001 0.017 0.832 
3 ADG -19.661 <.0001 0.010 0.842 
4 URFAT -7.433 0.0170 0.004 0.846 
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Table 23. Stepwise regression to predict USDA Yield Grade at 
96-105 days 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=224) 
Intercept 10.686 
1 LFTK 0.742 <.0001 0.263 0.263 
2 UREA -0.022 0.0089 0.023 0.286 
3 SCANWT 0.006 <.0001 0.048 0.334 
4 HIPHT -0.078 0.0005 0.036 0.370 
5 FRSCR 0.314 <.0001 0.046 0.416 
Non-Source Verified (n=226) 
Intercept 3.199 
1 LFTK 0.831 <.0001 0.264 0.264 
2 ADG 0.359 0.0021 0.031 0.294 
3 UREA -0.020 0.0001 0.045 0.339 
4 SCANWT 0.002 0.0547 0.011 0.350 
Table 24. Stepwise regression to predict USDA Yield Grade at 
61-69 days 12rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=176) 
Intercept 10.672 
1 LFTK 0.866 <.0001 0.363 0.363 
2 UREA -0.017 0.0810 0.011 0.374 
3 SCANWT 0.007 0.0017 0.035 0.409 
4 HIPHT -0.083 <.0001 0.054 0.463 
5 FRSCR 0.289 0.0010 0.033 0.496 
Without Hip Height and Frame Score (n=253) 
Intercept 4.075 
1 LFTK 0.758 <.0001 0.205 0.205 
2 UREA -0.019 0.0046 0.025 0.230 
3 SCAN WT 0.007 <.0001 0.052 0.282 
4 AGE -0.005 0.0796 0.009 0.291 
5 ADG -0.472 0.0103 0.019 0.309 
Non-Source Verified (n=253) 
Intercept 2.891 
1 LFTK 0.747 <.0001 0.205 0.205 
2 UREA -0.019 0.0046 0.025 0.230 
3 SCANWT 0.004 <.0001 0.052 0.282 
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Table 25. Stepwise regression to predict USDA Yield Grade at 
27-41 days 1;1rior to slaughter 
Order Trait Coefficient P-Value Partial R2 Model R2 
Source Verified (n=174) 
Intercept 14.594 
1 LFTK 0.938 <.0001 0.324 0.324 
2 PFAT 0.065 0.0020 0.037 0.361 
3 SCANWT 0.005 0.0913 0.011 0.372 
4 HIPHT -0.154 0.0011 0.038 0.410 
5 FRSCR 0.735 0.0002 0.048 0.457 
6 UREA -0.017 0.0006 0.037 0.495 
7 AGE 0.007 0.0017 0.029 0.524 
Without Hip Height and Frame Score (n=251) 
Intercept 3.511 
1 UFAT 0.908 <.0001 0.226 0.226 
2 UREA -0.013 0.0077 0.022 0.248 
3 SCANWT 0.006 0.0300 0.014 0.262 
4 AGE -0.006 0.0310 0.014 0.276 
5 ADG -0.858 0.0003 0.037 0.313 
6 PFAT 0.061 0.0245 0.014 0.327 
Non-Source Verified (n=251) 
Intercept 1.819 
1 UFAT 0.916 <.0001 0.226 0.226 
2 UREA -0.014 0.0077 0.022 0.248 
3 SCANWT 0.003 0.0300 0.014 0.262 
4 PFAT 0.059 0.0353 0.013 0.275 
5 ADG -0.393 0.0543 0.011 0.286 
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Table 26. Stepwise regression to predict Marbling at 96-105 days 

























Table 27. Stepwise regression to predict Marbling at 61-69 days 



















Table 28. Stepwise regression to predict Marbling at 27-41 days 


























Figure 1. Cross-sectional ultrasound image collected between the 12th and 13th ribs. 
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Figure 2. Longitudinal ultrasound image collected over the rump of the animal. 
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Figure 3. Longitudinal image for predicting percent intramuscular fat with ultrasound 
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Figure 4. Area of the longissimus dorsi muscle vs. Live Weight 
REA= 3.6222+0.0076*WT 
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Figure 6. Percent Intramuscular Fat vs. Live Weight 
%IMF= 2.6696+0.0017*wt 
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Figure 7. Percent Intramuscular Fat vs. Days of Age 
%IMF= 1.6006+0.0083*Age 
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GENERAL CONCLUSIONS 
The steers utilized in this study were managed to maximize profit per head, and not 
necessarily marketed for the sole benefit of this project. Thus, targeting a grid environment 
most likely narrowed the amount of variation observed within this study. Even so, the 
validity of the prediction models developed from these cattle seems quite promising. Though 
only a snapshot of the entire cattle population on feed, this study shows that ultrasound is 
another tool that producers can use to decide when and where to market their cattle. 
This study was successful at validating the results of others (Brethour, 2000a and 
2000b ), who found that ultrasound has the ability to accurately predict carcass composition at 
extended periods before slaughter. More importantly, this project explored other sources of 
variation that become important in prediction equations at various pre-harvest intervals. The 
usefulness of rump fat as a measure of carcass fatness was considerably helpful in predicting 
subcutaneous fat at harvest (partial R-squared value of 0.048 at 96-105 days prior to 
slaughter). The results of other researchers have proved ultrasound rump fat to be useful in 
predicting retail product (Greiner et al., 2003a; Realini et al., 2001; and Tait, 2002), but not at 
extended periods before harvest. Additionally, source verification information appears to be 
helpful in prediction of carcass composition, though validation is needed on a much larger, 
more diverse cattle population. 
One of the objectives of this study was to decide which time period was best to scan 
feedlot animals. Past research from Brethour (2000a) proved that scanning calf-fed steers 
upon entry into the feedlot could not accurately project carcass measurements. Along with 
this, a scan session just one week prior to slaughter can accurately predict carcass 
composition, but cannot identify animals that have been overfed. Due to differences in 
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management, no clear answers to the objective surfaced, only multiple options, depending on 
how a producer chooses to utilize the prediction models. For example, if a producer scans 
steers 100 days prior to harvest, or at re-implant time, he or she has the option to change the 
implant and feeding strategy for the remaining time that the cattle are on feed. The feedlot 
also has the option to sort individuals into groups that may target a specific grid. If a 
producer decides to scan only one month before harvest, overly fat individuals can still be 
identified before yield grade discounts are realized. The prediction models at this pre-harvest 
period may also help a producer decide which grid, if any, offers the most profit potential. 
As a result, the prediction models from this study can be used in multiple situations and 
market scenarios. 
A final objective of this project was to test the practicality and usefulness of the 
prediction models in a commercial setting. First of all, the accuracy of predicting future 
carcass composition is somewhat dependent on the records kept by the feedlot. Background 
information from source-verified cattle was useful in accounting for additional variation. 
Also, due to the added costs of production associated with processing cattle, a chute-side 
interpretation of the ultrasound information appears imperative. This would also allow 
producers to sort or tag individual animals without having to process them again. 
Consequently, several measurements used in this study may be quite difficult to collect at a 
commercial facility. Hip height and rump fat measurements, though useful in some 
prediction equations, require more time per head. Further study on a much larger set of cattle 
is needed to determine the usefulness of these two measurements. 
Ultrasound has proven to be an effective tool in marketing feedlot cattle. It can 
identify individual potential carcass merit on the live animal more accurately than traditional 
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evaluation methods (May et al., 2000). This study proves it can also be done much earlier in 
the feeding period. However, there is still a need for further research to develop models that 
are more robust to commercial conditions and more representative of the entire cattle 
population. 
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